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It is well known that the iris can be sensitized to epinephrin by 
removal of the superior cervical ganglion (15). The application of this 
method as a test for epinephrin is, however, limited because of the 
possibility of central nervous influence. The latter can be avoided by 


extirpation of the ciliary ganglion. Then the denervated pupil can 
only be influenced by the circulation. 

When it was found that the iris could be completely denervated, the 
possibility of its use as a test for epinephrin secretion suggested itself. 
With certain minor limitations it was found that this method could be 
used to test increases in the output of epinephrin during various con- 
ditions of stimulation. Such a test is especially valuable because it can 
be used in unanesthetized animals. 

We have studied the reaction of the completely denervated pupil 
when the animal has been stimulated by the inductorium, by asphyxia, 
by cold and by a barking dog. Cats have been used exclusively. 

In all instances except one we have removed the superior cervical 
ganglion one week or more before removal of the ciliary ganglion. In 
this instance we extirpated the ciliary ganglion first. But by the time 
the wound had healed and the superior cervical ganglion had been 
removed, the pupil had relaxed so that its sensitivity was very small. 
Removal of the ciliary ganglion requires practice and a certain amount 
of special apparatus. After numerous attempts we adopted the follow- 
ing technique. 


1 This study was aided by a grant from the Research Fund of the American 
Association for the Advancement of Science. 
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Removal of the ciliary ganglion. After clipping the hair and shaving 
the skin of the upper eyelid and forehead of the anesthetized cat, a 
cone-pointed mask was applied. The mask was cut away under the 
eye to be operated upon. The cat was fastened ventral-side down to 
the animal table with the head resting in a V-shaped cut in an upright 
block fastened to the table. Two thongs fastened one to each side of 
the mask were passed around behind the head and then tied down to the 
sides of the table in front so that the mask was not only held tightly 
to the head but the head was fixed in the upright block. A hole 4 
inches square in the table directly in front of the block permitted the 
giving of ether from below by means of an atomizer. The animal was 
then covered by operating cloths in the usual way. 

The incision was made along the upper portion of the upper eyelid, 
the lid then being turned down and the orbit entered from above. 
The eyeball was pulled forward and downward by a special spoon 
retractor with a slit for the superior rectus muscle. The optic nerve 
was uncovered and the short ciliary nerves (lying laterally) followed 
back to the ciliary ganglion which was removed by the use of a very 
small hook. The operation is difficult but can be accomplished with 
patience. 

Measurement of the pupil. In our first experiments we merely photo- 
graphed the pupil from time to time and described the change in notes. 
Later we actually measured the pupil by a means of a small caliper 
square calibrated to hundredths of an inch (0.254 mm.). This was 
done by placing the edges of the square gently against the cornez 
without exerting pressure. In this way the square was always equi- 
distant from the pupil. Thus it was possible to follow accurately 
changes in the size of the pupil throughout the experiment. Repeated 
trials have shown the error by this method to be less than 0.254 mm. 
Unless otherwise stated the pupil was always measured along the 
transverse diameter. 

Sensitivity of the completely denervated pupil. The sensitivity of the 
denervated pupil to epinephrin depends upon its state of contraction. 
If the pupil is quite small it will respond to slight increases in epinepbrin. 
If well dilated, small increases will have no effect. If widely dilated, 
only large increases will cause further dilatation. After removal of the 
ciliary ganglion (superior cervical ganglion removed) the pupil becomes 


more rounded in shape, occasionally somewhat irregular and always 
larger than normal. Immediately following the operation the pupil 
is widely dilated due partly to an increased output of epinephrin from 


| 


CONDITIONS DETERMINING ADRENAL SECRETION 3 


the operation (see effect of operative procedure ‘ If infection should 


occur the pupil remains widely dilated (two of our cats infected them- 


selves by scratching the incision). During the next dav or two the 
pupil decreases, reaching the smallest size which it will attain. If 
the animal is kept for a longer period, the pupil gradually becomes 
larger until it is finally almost maximally dilated. Under the latter 


conditions only such large increases in epinephrin as result from as- 
phyxia will cause further dilatation 

We have found it best, therefore, to make our observations within 
2 or 3 days after removal of the ciliary ganglion. In many instances 
we have removed the ciliary ganglion late in the afternoon and have 
made our observations on the following day. 

Ii ffect of variations in the arterial blood flow on the complete ly dener- 
vated irts. Stewart, Rogoff and Gibson (23) found that variations in 
the arterial blood flow to the eye caused variations in the response of 
the sensitized iris (superior cervical ganglion removed) to epinephrin 
set free by splanchnic stimulation. Occlusion of the ipselateral carotid 
delayed the pupillary response and sometimes reduced it. Occlusion 
of both carotids had an even greater effect, either preventing the reac- 
tion entirely or else increasing the time interval greatly. They also 
found that occlusion of the carotid causes some dilatation of the pupil 
itself. 

Stewart and Rogoff (20) suggest that the changes observed in a dener- 
vated structure may be produced without any increase in the epinephrin 
output, either by a faster flow of blood through the part (due to passive 
relaxation of the vessels from an increased blood pressure), carrying 
more epinephrin per minute through the vessels; or by a higher con- 
centration of the epinephrin in the blood reaching the denervated part 
because less blood from the constricted splanchnic vessels mixes with 
the blood from the adrenals. Where small reactions of the denervated 
part are involved these theoretical possibilities might play some part 
but where strong reactions are involved these possibilities would seem 
to be insignificant. 

We studied the effect of varying the arterial blood flow on the com- 
pletely denervated pupil by clamping the carotids. This probably 
causes a variation in the iris blood flow many times larger than that 
produced passively by pressure variations. 

Cat 225 was anesthetized with ether. This caused a large increase 
in the size of the completely denervated pupil (from 8.12 to 11.16 mm.). 
The ipsolateral carotid was clamped for 13 minutes without changing 
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the size of the pupil (11.16 mm.). After the carotid was unclamped the 
pupil increased slightly (to 11.41 mm.). The pupil was sensitive to 
epinephrin because the injection of 1 ec. of 1:100,000 adrenalin chloride 
intravenously over a period of 90 seconds increased its diameter to 
12.43 mm. 

Another cat (224) was etherized, the completely denervated pupil 
increasing from 5.33 to 9.66 mm. After preparing the carotid for 
clamping, the pupil increased to 11.91 mm. Clamping the ipselateral 
carotid decreased the pupil to 11.41 mm. Occlusion of this artery for 
15 minutes caused no further change in the pupil. After releasing the 
carotid the adrenals were prepared for removal. This manipulation 
dilated the pupil to 12.18 mm., thus indicating that the pupil was still 
sensitive. 

Cat 249 was given urethane (0.75 gm. per kilo) by stomach tube. 
This caused an increase in the diameter of the completely denervated 
pupil from 0.76 to 1.27 mm. As a result of the small amount of ether 
which had to be given and the cutting of the skin and preparation of 
the carotids, the complevely denervated pupil increased to 9.66 mm. 
After waiting for 12 minutes the pupil decreased to 5.33 mm. Clamp- 
ing of the ipselateral carotid reduced the pupil to 4.06 mm. No further 
change was produced by occlusion for 5 minutes. After releasing the 
artery the pupil decreased to 3.30 mm. and then gradually increased 
to 3.81 mm. in 8 minutes. Occlusion of both carotids increased 
the pupil to 5.08 mm. in 2 minutes and to 6.34 mm. in 4 minutes. 
Release of the carotids caused constriction of the pupil to 3.55 mm. 
in 3 minutes. 

The ipselateral carotid was again clamped 30 minutes later, causing an 
increase in the pupil from 3.81 to 4.83 mm. in 2 minutes. There was 
no further increase at the end of 3 minutes. Upon release of the 
carotid the pupil did not change in 3 minutes. The leg was then 
stimulated by heat in connection with another experiment. This 
caused the pupil to dilate to 12.43 mm. which was maximal. 

It must be understood that under the conditions of the experiment, 
due to peripheral stimulation (cutting, etc.) the output of epinephrin 
is above normal (see operative procedure). Therefore when the pupil 
constricts from 5.33 to 4.06 mm. as a result of clamping the ipselateral 
carotid as it did in the first test of cat 249, it is probably due to a 
decrease in the epinephrin reaching the iris. When the output of 
epinephrin is normal (in a quiet animal), clamping of the carotid would 
have an even smaller effect. 
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The irides of cats 225 and 224, when influenced by ether, were not 
sensitive enough to respond to the small change in the amount of 
epinephrin reaching them after clamping the carotids. 

In the conditions of our experiments variations in the blood flow to 
the iris do not cause very important changes. 

We have shown in an experiment described in detail in connection 
with asphyxia farther on that a higher concentration of epinephrin 
‘aused by occluding the adrenal veins for a short time produced no 
effect on the pupil unless the animal had been previously stimulated. 
In other words, variable concentrations produced by mixing the normal 
output with quantities of blood smaller than usual do not seem to 
influence the completely denervated pupil. If the output is augmented, 
although insufficiently to dilate the pupil, increasing the concentration 
by blocking the adrenal veins for a short time may affect the pupil. 

It seems impossible to explain much of the effect on the com- 
pletely denervated pupil produced by induction shocks, cold and 
asphyxia by the redistribution hypothesis. 

Effect of excitement from a barking dog on the completely denervated 
pupil. We tried the effect of a barking dog upon cats with a com- 
pletely denervated pupil. A small excitable dog was either held or else 
placed in a small cage. The cat was fastened in a comfortable animal 
holder or else the leg and body wrapped in a sack and held, the head 
being free. The cat was placed just out of the dog’s reach, being held 
almost against the wires when the cage confined the dog. The dog 
would bark incessantly while the cat was present. 

Cat 101 showed a small dilatation of the denervated pupil after the 
dog had barked at it for 10 minutes, but did not appear to be greatly 
excited. 

Cat 194 showed a slight dilatation of the denervated pupil after the 
dog had barked for 12 minutes. The cat appeared to be excited only 
during the last 3 minutes. 

Cat 200 showed the following responses while the dog was barking. 
In 1} minutes the pads of the feet were sweating. In 3 minutes the 
hair on the back and tail was erect. In 5 minutes there was a small 
dilatation of the denervated pupil. At 10 a.m. the next morning both 
adrenals were removed. Four hours later the barking dog caused a 
small dilatation of the denervated pupil. The dilatation after epi- 
nephrectomy occurred within 2 minutes after the barking started and 
returned to normal within 6 minutes where it refnained although the 
barking continued for 15 minutes. There was no sweating of the pads 
of the feet. 
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In cat 209 the barking dog caused an increase in the diameter of the 
pupil from 9.65 mm. to 10.16 mm. The cat, however, did not appear 


to be greatly excited. 

Cat 145 was barked at for 10 minutes without noticeable dilatation 
of the denervated pupil. However, the iris was considerably relaxed 
so that it would not be sensitive to small changes. 

Cat 191 was barked at for 8 minutes without a definite reaction of 
the denervated pupil. The cat did not appear to be greatly excited. 

Cat 204 was barked at for 7 minutes before and after removal of both 
adrenals. There was no change in the denervated pupil at either time 
nor did the cat appear to be greatly excited. 

Cat 207 was barked at for 6 minutes without effect. The animal 
did not appear excitable. The diameter of the pupil was 9.65 mm. 
throughout the test. 

The three following cats showed constriction of the denervated pupil 
when the dog barked at them. 

Cat 202 was barked at for 6 minutes. At the end of 2 minutes the 
pupil was much smaller. At the end of 6 minutes the pupil had become 
a mere slit. Five minutes after the cessation of the barking the pupil 
was still smaller than normal. A similar result was obtained after 
removal of both adrenals. 

Cat 205 was barked at for 5 minutes without appearing to be excited. 
The diameter of the pupil was decreased from 3.048 mm. to 2.29 mm. 
returning to its normal size when the dog was removed. ‘The rectal 
temperature increased from 39.35°C. to 39.6°C. during the constriction 
of the pupil. There was no struggling. 

A similar result was obtained in cat 212. Barking for 6 minutes 
caused a decrease in the diameter of the pupil from 3.55 mm. to 3.05 
mm. The cat did not appear excited and did not struggle. The rectal 
temperature increased from 38.7°C. to 39.0°C. 

How are the different responses to be explained, dilatation in some 
instances and constriction in others? Dilatation might be due to 
epinephrin. But where the dilatation appeared to be little diminished 
following epinephrectomy this seems unlikely. Some other substance 
might be responsible. It would be difficult to account for both con- 
striction and dilatation, however, in this way. The best suggestion is 
the possibility in a change in temperature through a variation in the 
blood supply to the iris. This must necessarily be produced passively 
because of the complete denervation. Thus an increase in general blood 
pressure which could occur in excitement might cause a slight rise in 
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the iris and thus lower the temperature. These changes would possib! 
cause a very small temperature change yet they might account fo 
pupil responses described above. 

We have made a study of the effect of temperature change on the 
iris the account of which is given below. 

We conclude from our observations on ten cats that the barking dog 


+?) 


does not cause a very marked increase in epinephrin for if it had there 
would have been a decided effect on the denervated pupil. It was 


shown by other means of stimulation that the denervated pupils 
these animals were sensitive to epinephrin. This lack of response is 
no doubt explained in part by the relative calmness with which some 
cats viewed the procedure. It seems quite likely that occasionally a 
very excitable cat might be found which would give a good epinephrin 
increase in response to the barking dog. Cannon (3) demonstrated 
such a response by means of blood drawn from the vena cava 
region of the adrenal. He stated that some cats showed no fear while 
others were much excited. Blood of a quiet animal produced no effect 
on the contracting intestine while blood from an excited animal caused 
inhibition. Jt has been suggested by Stewart and Rogoff (20) that a 
slowing in the rate of blood flow through the adrenals by retardation 
of flow in the vena cava might account for the increased concentration 
of epinephrin found in the cava. The work of Burton-Opitz 
dicates that sensory stimulation increases the rate of flow through the 


in- 


vena cava. This rules out their objection. 

Cannon (4) has more recently shown by means of the denervated 
heart that excitement increases the output of epinephrin. 

Direct effect of temperature on the iris. Occasionally we have ob- 
tained small changes in the diameter of the completely denervated 
pupil, during stimulation of an animal with the adrenals removed, 
Thus the denervated pupil of cat 205 increased from 1.27 mm. to 3.30 
mm. In response to induction shocks, and to 4.32 mm. in response to 
asphyxia. Likewise the pupil of cat 209 increased from 8.64 mm. to 
9.39 mm. in response to asphyxia. These changes occurred under 
conditions which might be attended by passive dilatation of the blood 
vessels. Such changes in blood flow would cause some variation in the 
temperature of the iris. We sought to find out whether a change in 
temperature might not have a direct effect on the iris. 


temperature of the iris. On the other hand a decreased pressurs ! 
peripheral dilatation would cause a decrease in the flow of blood throug! 
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The eyes were removed from a small kitten, immediately after killing. 
The first iris was removed without the cornea, but this was found 
to be a bad procedure because the cornea serves as a support. The 
second was removed with the cornea attached. Each was placed in a 
separate test tube, containing mammalian Ringer’s solution through 
which oxygen was bubbling. The temperature of the tubes was 
regulated by immersion in a water bath. The following changes in the 
pupil were observed at the different temperatures. The irides were in 
the Ringer’s solution at the given temperature for 5 minutes before 
being measured. 


Iris I: 
Short axis. 
Long axis 


RAISED TO 


mm. 


1.90 
5.33 


RAISED TO 
40°C 


40°C. 


LOWERED TO 
12.05°C 


mm. 


1.27 
4.44 


LOW FRED TO 
37°C 


mm. 


Iris II, cornea attached: 
Short axis........ 0.762 1.016 


2.79 


Long axis.. 3.30 4.8: 2 
The excised iris with cornea attached, from an adult cat recently killed, 
was studied by the same method. Before the iris was placed in the 
Ringer’s solution it had become extremely dilated, becoming circular 
in form and reaching a diameter of 12.45 mm. After immersion the 
following changes occurred. 


14°C 


mm. 
Short axis......... 5: | Became circular | 2.79 
Long axis ee we 3.56 6.09 mm. 4.06 


These responses began immediately in many instances but developed 
slowly. If dilatation was produced by increasing the temperature 
for 5 minutes, complete recovery could not be produced by lowering 
the temperature far below the original. Thus an increase from 37°C. 
to 40°C. dilated the pupil from 1.52 mm. co 6.09 mm. while decrease 
to 14°C, for an equal length of time diminished the pupil only to 2.79 


S 
I 
mm 
F 0.89 
2.79 
| mm. mm. — 
37 C 40°C 
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mm. The iris gradually lost its power to respond. This may account 
for the incomplete recovery. 

A better method of studying the effect ef temperature is by the use 
of cold and hot packs applied over the closed eyelids of the intact 
animal. This was done in the completely denervated iris in a few 
instances. Absorbent cotton soaked with hot or cold water was used 
for this purpose. 

In cat 225 a cold (18°C.) pack applied over the denervated eye for 
3 minutes caused no change in the diameter of the pupil. A_ hot 
(65°C.) pack applied for 2 minutes caused an increase in the diameter 
from 7.36 mm. to 7.87 mm. 

In cat 227 the application of a cold (16°C.) pack over the eye for 3 
minutes caused a decrease in the denervated pupil from 7.62 mm. to 
7.11 mm. 

In cat 224 the application of a warm pack over the eye for 5 minutes 
increased the diameter of the denervated pupil from 4.32 mm.to 5.08 
mm. The cat’s head was then placed near an electric heater as close 
as the comfort of the animal permitted. After 3 minutes near the 
heater the pupil dilated to 5.59 mm. Six minutes after removing the 
heater the pupil still being considerably dilated, a cold (16°C.) pack 
was applied fer 3 minutes. This brought the diameter down to 4.57 
mm. Thus we see that changes in temperature could account for some 
dilatation in the completely denervated pupil. But temperature 
changes which might result from passive changes in the blood flow 
through the iris probably would not be great. The passive changes 
may account for the results obtained after removal of the adrenals. 
The greatest dilatation of the denervated pupil which we obtained 
after removal of the adrenals was from 1.27 mm. to 4.32 mm. in 
asphyxia. This iris was very sensitive to dilatation because of its 
constricted condition. Therefore a 3 mm. increase in this condition 
means no more than a fraction of a millimeter increase in a more dilated 
pupil. In cat 209 after epinephrectomy, the increase resulting from 
asphyxia was only to 9.39 mm. from 8.64 mm. This is certainly com- 
parable with the changes observed from the use of hot packs. 

Effect of exercise on the completely denervated pupil. We (12) have 
previously shown that exercise causes a marked dilatavion of the 

partially denervated pupil due to an increased discharge of epinephrin. 
For if the adrenals were removed dilatation did not appear. The evi- 
dence is now more conclusive for we have entirely removed the central 
nervous influence and still obtained a good dilatation of the denervated 
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pupil during exercise. Five animals have been studied, one iris being 
completely denervated. All gave positive results with exercise. 

Cat 190 was tested in the treadmill at a time when the denervated 
pupil was very much relaxed (32 days after removal of the ciliary 
ganglion). Therefore an early reaction to exercise could not be 
expected. The animal worked well in the treadmill but no dilatation 
was evident until 1144 meters had been travelled. 

Cat 191 showed a good dilatation of the denervated pupil after 
travelling 515 meters. In anovher test it showed maximum dilatation 
of the denervated pupil after travelling 572 meters. 

Cat 145 showed marked dilatation of the completely denervated 
pupil after travelling 280 meters in the treadmill on two different 
occasions. The dilatation was increased when the animal travelled 
farther. 

Cat 146 was studied while the iris was quite sensitive (2 days after 
removal of the ciliary ganglion). A good dilatation of the denervated 
pupil was shown after 180 meters had been travelled. 

Cat 101, which had been used for so many observations in the pre- 
vious study (12), was tested in the treadmill 24 hours after removal 
of the ciliary ganglion. When only the superior cervical ganglion was 
extirpated it did not show a very early response of the pupii to exercise 
because it possessed but a single adrenal and that supplied by re- 
generated nerve fibers. Likewise when completely denervated the 
pupil showed a tardy response. After 458 meters in 26 minutes there 
was some dilatation. This was noticeably increased by the time 515 
meters had been travelled. It remained at this stage through 1030 
meters. By the time 1280 meters had been reached the dilatation was 
further increased. 

The dilatation of the completely denervated pupil during exercise is 
undoubtedly due to something besides an increase in temperature 
because the dilatation is so great. 

Effect of induction shocks on the completely denervated pupil. We 
studied the effect of rapidly repeated induction shocks as one form of 
sensory stimulation. The tetanizing current produced by one dry cell 
through a Harvard inductorium was employed for this purpose. Wire 
electrodes were applied to the moist pinna in every instance. This 
produced a tingling sensation which became sharper in character as the 
stimulus was increased, judging from its effect on ourselves. 

We obtained dilatation of the denervated pupil in every cat which 
was studied, fourteen in all (tables 1 and 2). Dilatation was more 
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pronounced in cats from which the ciliary ganglion had been 
(2 or 3 days) removed. Dilatation started about 12 seconds 
beginning of stimulation in the one animal in which this was carefull 
observed. The secondary coil was at 1 em. and 2 em. (cat 146 


The extent of dilatation depended upon the strength of stimulation 


The secondary coil at 10 em. never caused a dilatation. Moved to 
8 em., the coil might produce a noticeable dilatation (cat 145). At 
TABLE 1 

Effect on the denervated pupil of inductior hocl appli tothe 


TIMF AFTER 


CAT REMOVAI POSITION OF IU RATION 
OF CILIARY SECONDARY OF STIMULUS =o 
GANGLION 
101 2 days t 90 No positive result 
0 1) Some dilatation 
145 2 days 5 Several Great dilatation 
7 davs 10 20 None 
S 60 Noticeable dilat 
60 Dilatation 
30 Dilatation 
146 22 hours l 26 Good dilatation 
6 SS Slight dilatation 
2 60 Dilatation 
0 60 Good dilatation 
190 IS days 5 SO Dilatation 
191 7 days { 30 Dilatation 
23 days 0 30 Good dilatation 
194 24 hours 4 1S Very much dilated 


6 em. and stronger the coil usually caused dilatation. As an example 
of the relation of the dilatation to the strength of the stimulus we may 
cite cats 205 and 207. In the former, the coil at 6 em. caused an 
increase in the transverse diameter from 3.05 mm. to 4.57 mm.; the 
coil at 2 em. caused an increase from 3.05 mm. to 6.35 mm.; while at 
0 em., the coil caused an increase to 6.85 mm. It is to be noted that 
ach strength of stimulus caused a definite dilatation and that once this 
dilatation was reached, continuation of the stimulation caused no 
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greater effect. It would seem that it required an increase in the 
strength of stimulus in order to obtain a further increase in the output 
of epinephrin. 


TABLE 2 
Effect on the denervated pupil of induction shocks applied to the pinna before and 
after removal of adrenals 
TIME TIME 
t AFTER AFTER DURATION 
CAT MOVAL OF! MOVAL | SECOND- | OF RESPONSE OF DENERVATED PUPIL 
CILIARY | oF aRY STIMULUS 
GANGLION! ADRENALS } 
hours hours cm. seconds 
147 22 | 6 | 40 Dilatation 
0 | 4 Good dilatation 
47 4 0 90 None 
200 18 | 5 30 Good dilatation 
47 4 2 | @ None 
202 24 6 50 Doubtful* 
2 15 Marked dilatation 
50 2 2 60 None 
204 39 6 30 Good dilatation 
49 4 1 | 40 | None 
| 
205 15 6 50 Increased from 3.05 to 4.57 mm. 
2 45 Increased from 3.05 to 6.35 mm. 
0 45 Increased from 3.05 to 6.86 mm. 
25 4 0 45 Increased from 1.27 to 3.30 mm. 
207 19 6 30 Increased from 9.14 to 10.16 mm. | 
2 35 Increased from 9.14 to 10.69 mm. 
O | 35 | Increased from 9.14 to 10.69 mm. i 
24 3 35 None 
o | © 
209 15 So | @® Increased from 9.65 to 11.18 mm. 
24 3 | 0 30 None 
212 15 | 6 | 30 None 
0 | 30 Increased from 3.56 to 4.06 mm. 
24 3.5 0 30 None 


In cat. 207; the coil at 6 em. caused a dilatation from 9.14 mm. to 
10.16 mm.; at 2 em. it caused a dilatation from 9.14 mm. to 10.67 
mm.: while the coil at 0 em. caused no further increase in the dilata- 
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* Pupil already dilated from head holder being too tight. | 
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tion. The pupil was normally well dilated and theref« 
sensitive as in cat 205. 

In cat 202 sensory stimulation of another kind was 
head was so large that it was too tight in the head hold r} ist 
a marked dilatation of the denervated pupil. After the first 
head holder was not used for this cat. 

Both adrenals were removed from eight cats whose reaction 
duction shocks had been studied These animals were tested for 
response to induction shocks after the ether effeets had disappeare: 
but before there was any sign of adrenal insufficiency.  Dilatat 
the denervated pupil was obtained in only one animal (205, fig. 1 
This was not as marked as before epinephrecté my and must have bees 
due either to an inerease in the temperature ot the iris from pass 


dilatation or to some substance not produced by the adrenals. ‘Thu- 


in response to induction shocks after epinephrectomy while before t] 
increase for the same stimulus had been from 3.05 mm. to 6.86 mn 

The evidence Is conclusive that the dilatation of the con pie telv dene: 
vated pupil from stimulation by induetion shocks is due to the adrenals 

Elliott has shown that the direct exeitation of the setatie nerve 
causes a loss of epinephrin from the adrenal. He assayed the amount © 
epinephrin in adrenals with and without intact splanchnics 

Cannon and Hoskins 6) in anesthetized antmals have shown that 
strong stimulation of the Sclatie nerve CAUSES lease of epine 
into the blood. 

Cannon (4) more recently has demonstrated by the use of the dene 
vated heart that sensory stimulation increases epinephrin discharg 

Our observations show that SeNSOry stimulation causes an increase: 
discharge of epineprhin in unanesthetized cats. 

One must conclude that sensory stimulation tf sufficiently strong 
causes an increased discharge of epinephrin either in anesthetized on 
unancsthetized animals. 

Effect of asphyxia on the compl tely denervated pup / Numerous 
investigators have studied the effeet of asphy X1a upon the output ol 


epinephrin. 


Cannon and Hoskins (6) found an inerease in the epinephrin in the 
eava blood following asphyxia. Starkenstein (18) observed that an 
increase of CQ, in the blood decreased the chromaphil material in 
the adrenal. This was confirmed by Borberg and Ffridericia (1 


('zubalski (9) has attributed the rise in blood pressure during asphyxta 


the denervated pupil of cat 205 increased from 1.27 mm. to 3.30 mi 

| — 


Fig. 1. Response of completely denervated pupil when different kinds of 
stimuli are used, Cat 205. <A, normal, B, secondary coil at 6 cm. for 50 seconds; 
C, secondary coil at 2cm. for 45 seconds; D, secondary coil at 0 em. for 45 seconds; 


E, asphyxia for 40 seconds; F, after 9 minutes in water at 10°C.; G, normal, ad- 


renals removed; H, secondary coil at 0 em. for 45 seconds, adrenals removed; 


Z, asphyxia for 40 seconds, adrenals removed. 
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CONDITIONS DETERMINING 


to an increase in the output of epinephrin, for if the adrenals are removed 


the rise is absent. 

Elliott (10) employed the partially denervated pupil, the superior 
cervical ganglion having been removed. He found that light asphyxia 
was without effect on the denervated pupil, but that deep asphyxia 
unto death caused dilatation in the terminal spasms. Kellaway (13 
made observations on unanesthetized cats with one superior cervical 
ganglion removed. He used a mask so that he was able to control 
the asphyxia. He found that an increase in CO: produced little effect 
while anoxemia was very effective in producing dilatation of the 
denervated pupil. If the adrenals were removed this effect was con- 
siderably diminished but could be produced if the anoxemia was 


extreme. 


TABLE 3 


Effect of asph yxia on the denervated pupil 


TIME AFTER 
REMOVAL 

oO SP I RESPONS DENE DI 
OPCILIARY DURATION F ASPHYXIA RESPO E OF DENERVATED I 
GANGLION 


101 2 days 40 seconds Marked dilatation 
145 7 days Partial for 3.7 minutes Dilatation 
146 22 hours 50 seconds Maximal dilatation lasting 
110 seconds 
190 28 days 30 seconds Marked dilatation 
191 7 days Partial for 4 minutes Dilatation . 
\| 23 days 40 seconds (complete) Maximal dilatation 


194 24 hours 30 seconds Almost maximal 


Gley and Quinquaud (11) have questioned an increase in epinephrin 
during asphyxia. Stewart and Rogoff (19), because they were unable 
to detect an increase in epinephrin from adrenal vein blood during 
asphyxia, concluded that Kellaway’s interpretation was erroneous. 

Cannon (4) and later Cannon and Carrasco-Formiguera (5) have 
demonstrated that an increase in epinephrin discharge is produced by 
asphyxia. In this work they have used the denervated heart method. 

Our evidence proves that asphyxia increases the discharge of 


epinephrin. 

We produced complete asphyxia in the animal while unanesthetized. 
All except the head was covered by a closely wrapped sack. A piece 
of rubber sheeting was held tightly over the nose and mouth during 
the time indicated in each instance, usually about forty seconds. 
During this time air was excluded from the lungs. Partial asphyxia, 
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by covering the head with a sack which did not entirely exclude the air, 

was employed m two instances (cat 145 and cat 191, tables 3 and 4). 

Asphyxia for the periods used was entirely harmless in every instance. 
TABLE 4 

Effec lL of asph yxia on the denervated pupil before und after removal of the adrenals 


TIME AFTER TIME AFTER - 
DURATION 


REMOVAL REMOVAL RESPONSE OF DEN! VATED 
GANGLION | 
hou 
147 2? hours 4 35 Maximal dilatation for a few minutes 
17 hours €0 None 
197 21 hours 40 Almost maximal 
} days 3 30 None 
199 24 hours 20 (lmost maximal 
3 days 5 15 Some dilatation 
200 18 hours 30 Good dilatation 
16 hours 4 15 None 
202 24 hours 35 Almost maximal 
50 hours 2 50 None 
204 39 hours 25 Almost maximal 
19 hours 4 40) None 
205 15 hours 40 Increased from 3.05 to 12.19 mm. 
25 hours 4 10 Increased from 1.27 to 4.32 mm. 
207 19 hours 40 Increased from 9.14 to 14.48 mm. 
24 hours 3 40 None. 
209 16 hours 40 Increased from 9.65 to 12.19 mm. 
24 hours 3 40 Increased from 8.64 to 9.40 mm. 
212 15 hours 10 Increased from 3.55 to 10.67 mm. 
24 hours 3.5 10 Increased from 1.52 to 3.05 mm.* 


* The pupil returned to normal size 1 minute after cessation of asphyxia which 
it never does when the adrenals are intact. 


Every cat which we have studied has invariably shown a marked 
dilatation of the completely denervated pupil accompanying asphyxia. 
This has resulted even in the most lax iris. Usually the dilatation has 
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been maximal or almost maximal. The increase has been the gr 

when the iris has been the most sensitive, that 1s, in the highest 

tone. Thus in cats 205 and 212 where the diameter was small 3.05 
and 3.55 mm., asphyxia for 40 seconds increased the diameter to 12.19 
and 10.67 mm. respectively. If, however, the iris was already dilated 
the increase was not so great Thus in cats 207 and 209 the inc ises 
were from 9.14 to 14.48 mm. and from 9.65 to 12.19 mm. respectivel 
(tables 3 and 4). 

The dilatation produced by asphyxia required a few minutes to 
return to normal. In one instance after asphyxia of 40 seconds’ 
duration (cat 209) the pupil remained at 12.19 mm. for 4 minutes 
dropped to 11.17 mm. in the 5th minute; to 10.67 mm. during th 
7th minute; to 10.16 mm. during the 9th minute where it remained 
for 2 additional minutes; and returned to normal after a total of 13 
minutes. 

After removal of the adrenals asphyxia produced little or no dilata- 
tion of the denervated pupil. The tests were made before there was 
any indication of adrenal insufficiency, and after the animal had re- 
covered from the influence of ether. The small dilatation which 
occurred in four out of ten animals might have been due to passive 
dilatation and a consequent increase in the temperature or to some 
substance produced outside of the adrenals. In cat 205 the pupil 
increased from 1.27 to 4.32 mm. where previous to epinephrectomy the 
increase had been from 3.05 to 12.19 mm. In cat 212 the pupil in- 
creased from 1.52 to 3.05 mm. where previous to epinephrectomy, 
the increase had been from 3.55 to 10.67 mm. The rapidity (1 minute 
with which the pupil returned to normal size indicated merely a 
passive change in the iris circulation. 

In one animal (cat 227) instead of removing the adrenals to prove 
that they were responsible for the dilatation of the denervated pupil in 
asphyxia, we tied the lumbar vein to each adrenal and then placed 
long loose ligatures under each adrenal vein, passing each ligature 
out through the opening in the mid-line of the abdomen. We then 
sewed up the opening in the abdomen leaving a small slit through which 
the ligatures might be tightened at will. <A sterile jacket was used to 
protect the wound as well as the ligatures. On the next day the 
following observations were made: 

At 10:10 a.m. the diameter of the completely denervated pupil 
was 7.37 mm. After exclusion of air from the lungs for 40 seconds 
the pupil increased to a diameter of 9.14 mm. in less than 30 seconds 
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from the cessation of asphyxia. In 3 minutes the pupil was again 
normal, 

At 10:25 the ligatures around the adrenal veins were tightened by 
traction and then air was excluded from the lungs for 40 seconds. 
The ligatures around the adrenal veins were not released until 2 minutes 
after cessation of asphyxia. There was no change in the pupil until 
20 seconds after release of the ligatures, when dilatation to 9.14 mm. 
occurred. Four minutes after the maximal dilatation had been reached 
the pupil had returned to normal size. 

At 10:56 asphyxia for 40 seconds with the ligatures tight during 
and for 3 minutes following cessation of the asphyxia caused no dilata- 
tion until 1. minute after release of the ligatures when the diameter 
increased from 7.37 to 8.38 mm. In less than 3 minutes the pupil 
had returned to normal. 

Further experiment seemed to show that the epinephrin output 
remained at a higher level for 30 minutes or more following asphyxia. 
Although the amount of epinephrin secreted was not sufficient to affect 
the pupil when passing unobstructed into the blood stream, if the 
adrenal blood flow was stopped for a few minutes and then released 
the pupil would dilate. Thus 11 minutes after the cessation of asphyxia 
the adrenal vein ligatures were tightened for 3 minutes and then released 
with a dilatation of the pupil from 7.37 to 8.64 mm. Likewise 30 
minutes after asphyxia occlusion of the adrenal veins for 2 minutes and 
then their release caused a dilatation of the pupil from 7.37 to 8.38 
mm. That occlusion of the adrenal veins did not normally produce a 
sufficient accumulation to affect the pupil, was shown by experiments 
on the following day. Tightening the adrenal vein ligatures for 1 and 
3 minutes respectively caused no dilatation of the denervated pupil 
upon release. However exclusion of air for 40 seconds while the 

ligatures were tightened caused dilatation of the pupil from 6.35 to 
7.37 mm. 30 seconds after release of the ligatures even though the liga- 
tures had been held 1 minute after cessation of asphyxia. 

The lack of oxygen in the blood resulting from exclusion of air from 
the lungs for 40 seconds does not seem to be the cause of the increase 
in epinephrin for in some tests the cat did not struggle or show anxiety 
for 25 seconds and gave little response during the remaining 15 seconds 
of exclusion of air from the lungs. In such a test there was no dilata- 
tion of the pupil. Therefore the emotional reponse appears to be the 
prime cause of the increased epinephrin discharge in short periods of 
asphyxia. 
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We conclude from our observations that the epinephrin output 
very much augmented during asphyxia. Indeed, of all the types of 
stimuli employed by us, asphyxia is by far the most effective. 

Effect of cold on the completely denervated pupii. We observed ac- 
cidentally that a cat which had been chilled by a bath showed dilatation 
of the pupil from which the superior cervical ganglion had been removed. 
The possibility of adrenal influence was suggested. We chose two 
eats for a preliminary experiment. Each possessed a single adrenal. 
The nerves to each adrenal had been cut but had regenerated. In one 
cat, however, the regenerated nerves had been severed by a second 
operation (cat 111) and the semilunar ganglion enclosed by rubber 
tubing. Both animals had completely recovered from the operations. 

Each cat was dipped but not soaked in lukewarm water and then 
taken out and placed in a room with a temperature of 12.5°C. Almost 
immediately the denervated pupil of the cat with regenerated adrenal 
nerves (cat 103) became dilated. The dilatation did not disappear 
until 12 minutes had elapsed. Cat 111 showed no dilatation of the 
denervated pupil. Both animals were again dipped in warm water, 
being soaked thoroughly. A few minutés after being taken out of the 
water they were placed in an air current from an electric fan. Cat 
111 showed no dilatation of the denervated pupil throughout the 
experiment. Cat 103 showed a good dilatation of the pupil. 

A second experiment was tried using four cats, 103, 111, 136 and 
101. Cat 136 possessed normal adrenals. Cat 101 possessed one 
adrenal supplied by regenerated nerve fibers. Each animal was im- 
mersed in tap water for 3 minutes and then placed in a room with a 
temperature of 7°C. All but cat 111 showed dilatation of the dener- 
vated pupil. The rectal temperature decreased as follows: cat 101 
39.1° to 37.9°C.; cat 103, 38.5° to 37.9°C.; cat 136, 38.9° to 37.6°C.; 
eat 111, 38.9° to 37.6°C. 

We later tried similar experiments with cats possessing a completely 
denervated pupil with just as striking results. In these experiments 
the head and legs were held by an attendant, the body being immersed. 
When the rectal temperature was observed, a long very sensitive ther- 
mometer was kept in the rectum throughout the experiment, care 


being taken that no part of the thermometer touched the water. Ten 
cats were studied in this way. 
Two days after removal of the ciliary ganglion, cat 145 was immersed 


in water at 5.5°C. for 10 minutes. At the close of this period the 
pupil was noticeably dilated and the animal was shivering. Perhaps 
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the lack of earlier response was due to work in the treadmill 25 minutes 
before. The extra heat generated would temporarily compensate for 
the effect of the cold water. 

We next studied the relation of the dilatation to the decrease in 
body temperature. The temperature of the bath at the start was 
7.5°C. At the close the temperature had risen to 10.9°C. The rectal 
temperature of cat 194 before immersion was 39.2°C. One minute 
after the start this temperature had risen to 39.4°C. Another minute 
increased it to 39.5°C During the next 3 minutes the rectal tempera- 
ture dropped to 39.0°C. At 9 minutes (total) the rectal temperature 
was 38.6°C. and the denervated pupil was decidedly dilated. At 13 
minutes the animal was shivering; the rectal temperature had dropped 
to 37.50°C. and dilatation of the pupil had increased. At. fifteen 
minutes the pupil had dilated farther and the rectal temperature had 
decreased to 37.0°C. After 20 minutes the denervated pupil had 
become greatly dilated and the rectal temperature had fallen to 35.7°C. 
At this stage the cat was removed from the bath. Nine minutes after 
removal from the bath the rectal temperature had fallen still farther 
(34.8°C.) but the pupil had returned to normal size. The animal had 
been under a warm radiator for 5 minutes. Twenty minutes after 
removal from the bath the rectal temperature had recovered slightly 
(35.4°C.) and the pupil had become smaller than normal. 

This experiment would indicate that the stimulus of cold applied to 
the receptors caused the release of epinephrin, because when the animal 
was no longer subjected to cold (while under the radiator) although the 
rectal temperature continued to decrease, the pupil became normal. 

Two opposing influences are no doubt at work on the iris in these 
experiments, reduction of temperature in the blood from actual heat 
loss and an increase of epinephrin. The cooling causes constriction, 
the epinephrin discharge causes dilatation. When the epinephrin 
increase ceases, the denervated pupil becomes smaller than normal. 

Another cat (204) was observed in a cold bath for 7 minutes. During 
that time the denervated pupil showed a decided dilatation. This 
dilatation was first noticed at 5 minutes. The rectal temperature fell 
from 40.2°C. to 39.4°C. There was an increase of 0.1°C. during the 
first minute. 

The remaining animals were studied with and without adrenals. 
The effect of cold was observed from 3 to 5 hours after removal of the 
adrenals. They were removed through the midline of the abdomen, 
and the incision was sewed carefully to render it water-tight. 
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Cat 147 was immersed in water at 8°C. The animal started to shiver 
at 3 minutes. At 33 minutes the denervated pupil began to dilate. 
Shivering and dilatation seemed to go somewhat parallel with dilata- 
tion, perhaps lagging. After ten minutes in the water, the pupil was 
well dilated (fig. 2). The cat was removed from the bath at this stage. 
The pupil gradually became smaller, although 19 minutes after removal 


A 


the pupil was still above normal size 
By the time 32 minutes had elapsed the 
pupil had returned to normal size. The 
animal had been placed near a warm 
radiator. During the next 4 hours the 
denervated pupil became extremely 


small, perhaps due to the cold blood, 
the epinephrin having decreased. How- 
ever the pupil did not recover normal 
size in a temperature of 31°C. for 20 
minutes. 

The next morning both adrenals were 
removed. Five hours later the cat was 


immersed in cold water (5.8°C. was the 
temperature at the close of the experi 
ment) for 15 minutes. In order to keep 
the stitches out of the water a somewhat 
smaller part of the cat was immersed. 
But to compensate for this, immersion 
was continued 5 minutes longer than in 


the test before epinephrectomy. Shiv- 
ering was noticed at 143 minutes but 
there was no dilatation of the denervated Fig. 2. Response of complete! 
pupil. Instead, there was a decrease in denervated pupil, when animal is 
the size of the pupil. Shivering was at exposed to cold. Cat 147. A, 


normal; B, after 10 minutes’ im- 
no time as vigorous as before epinephrec- 


mersion in water at 3°C.; C, 19 
tomy. The rectal temperature of the cat jp inutes after removal from bath 
after removal from the bath was 34.6°C. 

In the next two animals (table 5) the epinephrin increase appeared 
early in the test and disappeared entirely before the test was completed, 
judging from the pupil. It must be considered, however, that a small 
increase in epinephrin might still continue without its effect on the 
pupil being apparent because of the opposite effect from a lowered 
temperature. 
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TABLE 5 
Reaction of cat 200 to cold water 
ADRENALS INTACT 5 5 HOURS AFTER EPINEPHRECTOMY 
riME 
Condition of pupil Condition of pupil 
minule ( ( 
Start 39.0 39.1 No change throughout 
experiment 
2.0 39.13 Dilated considerably 38.8 
a) 39.0 Very well dilated 38.5 
5.5 38.8 Decreasing 38 .2 
6.5 38.7 Normal 37.9 
7.5 38.5 Normal 37.3 
Animal struggles very much from 
time to time 
9 0 38.3 Normal 36.8 
10.0 38.0 Dilated slightly 36.55 
Temperature of bath at finish, Very little struggling. No 
10°C. shivering noticed. Temper- 
ature of bath at finish, 10°C. 
Reaction of cat 202 to cold wate 
ADRENALS INTACT 2 7 HOURS AFTER EPINEPHRECTOMY 
TIME 
Rectal Rectal 


temperature Condition of pupil temperature Condition ot pupil 


menute ( C. 
Start 39.6 39.4 
1.5 39.7 Beginning to dilate 39.3 


Struggling 


3.0 39.6 Good dilatation Pupil a slit at start and 
1.0 39.5 Better dilatation throughout experi- 
5.0 39.1 Marked dilatation 39.25 ment 
(Struggling) 
7.0 38.7 Marked dilatation 38.5 
but slightly smaller 
8.0 38.2 Becoming smaller 
Shivering | Temperature of bath at close 
10°C. 
9.0 37.5 | Still smaller 
10.0 37.2 Almost normal 


Temperature of bath at close, 
10.5°C, 
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CONDITIONS 


In the remaining four experiments the pupil was measured by the 
caliper square. 

Before epinephrectomy the temperature of cat 209 dropped 
2.2°C. after 12 minutes in cold water while the pupil increased from 
9.65 mm. to 10.67 mm. An increase of 1.02 mm. from a diameter of 
9.65 mm. means much more than it would if the diameter were small 
at the start. After epinephrectomy, the temperature dropped 3.2°C. 
after 10 minutes immersion in cold water, while the pupil showed no 
change (table 6). 

PABLE 6 


Reaction of cats 209 and 212 to cold water. 


209 caT 212 


Adrenals intact Adrenals intact 
ature diameter ature diameter diameter diamete 
minutes ( mm ( mm ( mm ( mr 
Start 39.25 9.65 37.5 63 39 2 4.32 39.28 1.27 
39.20 
2 39.8 10.03 37.5 8 63 38.9 3.30 
36.8 8.63 39.10 1.27 
5 39.1 10.16 
6 36.7 4 06 
7 38.9 36.1 8.63 38 1.27 
34.4 37 1.27 
10 34.3 8.63 32.9 5.59 1. 26 
11 
12 37 .0 10.66 


Temperature of bath in every test between 12° and 13°C. when the cat was removed 

Before epinephrectomy the temperature of cat 212 (table 6) dropped 
6.3°C. after 10 minutes in cold water while the pupil decreased from 
4.32 to 3.30 mm. and then increased to 5.59 mm. Three minutes after 
removal from the bath, the pupil dilated to 8.89 mm. The pupil 
then dropped to 1.78 mm. within 53 minutes, the temperature rising 
to 37.3°C. When the normal temperature had been recovered (4 
hours after removal from the bath) the pupil had increased to 2.03 mm. 
After epinephrectomy, the temperature dropped 3.28°C. in 11 minutes, 
the temperature being perfectly normal at the start (table 6). The 
pupil remained at 1.27 mm. throughout the test. 


25 
f 


24 > A. HARTMAN, H. A. McCORDOCK AND M. M. LODER 


The denervated pupil of cat 205 showed very marked dilatation 
(10.80 from 3.30 mm.) after 10 minutes’ immersion in cold water. The 
rectal temperature dropped to 33.00°C. from 39.25°C. (table 7). The 
cat was dried with towels and kept in a room at 32° for 20 minutes. 
The pupil at that time had decreased to a diameter of 4.32 mm. and 


TABLE 7 


Reaction of cats 205 and 207 to cold water. 
cat 205 cat 207 


3.5 hours after 
epinephrectomy 


4 hours after 


epinephrectomy Adrenals intact 


Adrenals intact 
ete etal ets tects 
Rectal Pupil Recta Pupil Rectal Pupil Rectal 


Time temper- temper- temper- temper- 
liameter diameter ameter 
ature ature ature diamet ature 


Pupil 
diameter 
minutes ( ( mm 
Start 39.0 39.7 

39.25 


20 


38.5 10.41 37 1.78 


38 .4 10.69 36: 0.76 


Temperature of bath in every test, between 10.5° and 12.0°C. when the cat was 
removed 


* Struggling slightly, shivering constantly. 
* * Shivering slightly. 
t Pupil had been fluctuating between 0.50 and 4.32 mm. in just this manner 


before the test started. 


the rectal temperature had increased to 37.6°C. At the end of the 
second hour the pupil was 2.41 mm. while the temperature was 38.50°C. 
At the end of 3 hours the pupil was 2.03 mm. while the temperature was 
38.70°C. Ten minutes’ immersion in cold water after epinephrectomy 
caused a decrease in the rectal temperature of 1.4°C. and a decrease 
in the diameter of the pupil from 4.32 to 3.30 mm. 


i 
| 
t 
| 
2 39.5 1.32 38.63 1.02 
3 3S. 1.32 39.6 9.14 
39.4 3.59 38 60 0.51 
5 39.57 38.45 3.05f 
6 36. 30* 
7 35.40 39.1 3.55 39 .3°" 9 O02 36.9 1.06 
8 34.30 8 63 
9 33.50 38.5 9.90 37.4 3.30 
10 33.0 10.79 38.3 3.30 
1] 
12 
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This experiment again demonstrates that the adrenals are responsible 
for the dilatation of the completely denérvated pupil when the animal 
is exposed to cold. 

Reduction of temperature is not so great in animals protected by a 


heavy coat of fur. Cat 207 (table 7) was protected in this way. The 


temperature was reduced only 1.00°C. in 13 minutes while the pupil was 
increased from 9.40 to 10.67 mm. After epinephrectomy the tempera- 
ture fell 2.10°C. in the same period of time. The pupil fluctuated 
between 4.06 and 0.51 mm. However this fluctuation began 1 hour 
before the test and continued until the animal was killed 47 minutes 
after the completion of the test. These fluctuations were as rapid and 
as extensive before and after the test. 

The aversion of cats to water might be the cause of the increased out- 
put of epinephrin. However the immersion of cats In water at body 
temperature for 10 minutes has caused no increase in the size of the 
completely denervated pupil. The same animal when cooled later by 
immersion in cold water or by evaporation from the water soaked fur 
showed a marked dilatation of the denervated pupil. Three animals 
have been tested in this way. One of these did show a small dilatation 
(7.62 to 7.87 mm.) at the end of 10 minutes’ immersion in water at 
body temperature. The others showed no change. 

We conclude from these observations that stimulation by cold causes 
a pronounced increase in the output of epinephrin. This would increase 
heat production if the amount of epinephrin were sufficient (14 
(24), (16), thereby tending to compensate for the loss of heat. 

The increase of epinephrin may be due to cooling of the heat center 
or to peripheral stimulation or both. There is usually no evidence of 
epinephrin increase until the rectal temperature begins to fall. Fre- 
quently however the epinephrin increase appears to cease, judging 
from the denervated pupil, some time before the body temperature has 
returned to the normal starting point. It might be the rate of decrease 
in the temperature of the heat center which stimulates epinephrin 
secretion. 

Cramer found histological evidence of the loss of epinephrin from the 
adrenals after exposure to cold. He used the osmic acid method, 
in which the lipoid globules are removed by turpentine, the epinephrin 
remaining as fine, jet-black, lustreless granules. He observed in rats 
and mice that the granules disappear if the glands are exhausted by 
cold sufficient to reduce the temperature of the animal. 
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Relative effects of different types of stimulation upon the completely 


denervated pupil. It is instructive to compare the relative effects of 
different types of stimulation upon the completely denervated pupil 
in the same animal (fig. 1). These different stimuli have been em- 
ployed within the same day so that the sensitivity of the pupil has not 
changed. Sufficient time elapsed between successive tests to permit 
recovery of the pupil and probably to bring the epinephrin output 


nearly if not quite to normal. These time relations are shown best by 
a typical experiment (cat 200). The superior cervical ganglion had 
been removed 2 weeks before. The ciliary ganglion had been removed 
on the day before. The denervated pupil was quite small, presumably 
very sensitive. 


9:13 a.m. Dog started to barking very close to cat 
9:18 a.m. Just noticeable dilatation. Dog removed 
:42 a.m. Moist pinna stimulated for 30 seconds by coil set at 5 em. Good 
dilatation. Soon recovered 
Asphyxia for 35 seconds. Very good dilatation 
Immersed in cold water (10°C. at close) 
Pupil very much dilated 
Pupil normal 
Removed from bath 
The next day, epinephrectomy 
Barked at by dog close up 
Pupil dilated to a small extent 
Pupil normal 
p.m. Dog removed. Pupil normal 
p.m. Pinna stimulated for 30 seconds by coilset at2em. No dilatation 
p.m. Asphyxia for 45 seconds. Rectal temperature 39.1°C. No dilata- 
tion 
3:31 p.m. Immersed in cold water (10°C. at close) 
3:41 p.m. Removed from water. No dilatation throughout test 


In every experiment asphyxia has produced the greatest effect upon 
the denervated pupil (table 8, fig. 1). In some animals epinephrectomy 
has not completely abolished a small dilatation from asphyxia. 
Asphyxia produces the most profound effect upon epinephrin discharge, 
even allowing for the vascular effect just mentioned. We must bear 
in mind that theyfarther the pupil is expanded the greater is the stimu- 
lus required to produce equal increments of expansion. This has been 
shown in irides which have lost their tone. To illustrate: Cat 145 
was tested 2 days after removal of the ciliary ganglion, the superior cer- 
vical ganglion having been removed afew days before. Stimulation of the 
moist pinna with the secondary coil at 5 em. for several seconds caused 
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a great dilatation of the denervated pupil. The pupil was moderately 
small to begin with. Five days later the denervated iris was very much 
relaxed. Then stimulation with the coil at 4 em. for a period equal to 
or longer than that used before, caused but a small dilatation of the 
denervated pupil. 

In asphyxia we often obtain maximum dilatation of the denervated 
pupil. We have no way of determining in such instances whether the 
amount of epinephrin secreted is not beyond that necessary to produce 
the maximal effect, because our test object has reached its limit. 

Stimulation by cold, either from cold water or from the loss of heat 
caused by evaporation of water from the skin appeared to be next in 
influence on epinephrin discharge, basing our conclusions on the actual 
increase in the diameter of the pupil (fig. 1). The increased epinephrin 
discharge may be even greater than this indicates, for the lowered 
temperature of the blood would induce constriction of the pupil. In 
support of this we refer to the observations on the direct effect of 
temperature on the isolated iris and to the results sometimes obtained 
after epinephrectomy. (See effect of cold in cats 147 and 205.) The 
preliminary constriction of the pupil in cats with normal adrenals 
sometimes shows this (cat 212). The effect of cold on constriction of 
the pupil was likewise shown in cat 145 after the denervated pupil 
had become large from loss of tone of the iris. One day the animal 
quarters became cold. It was noticed that the pupil of cat 145 became 
smaller. After a short time in a warm room the pupil regained its 
relaxed condition. 

Stimulation by induction shocks sometimes produced almost as great 
dilatation of the denervated pupil as did cold, but usually it was less 
effective (table 9). There was considerable contrast in the number of 
receptors involved in the two types. The cold stimulated vast numbers 
of receptors while the two fine wire electrodes from the inductorium were 
applied about 2 mm. apart thus affecting very few receptors. The 
difference in the species (17) of the stimulus was also probably a factor. 
As already pointed out, the amount of epinephrin increase was some- 
what in proportion to the stimulus. 

The emotional effects of the barking dog were very small in their 
influence on epinephrin discharge, judging from the denervated pupil. 
This might be expected in animals which do not become greatly excited. 
Some of our cats were not excited. A large number of cats, especially 
those unaccustomed to the laboratory, should be tested to be conclusive. 
We have tested cats in some instances by holding them with their feet 
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wrapped in a sack, against the wire of a cage, with a dog close agains 
the wire barking furiously. Beyond a slight squirming at first as 
though disturbed by the great noise, the cat would apparently ignore 
the disturbance, occasionally glancing at us as though it were perfectly) 
safe as long as we were nearby. 

Effect of operative procedure on the completely denervated pupil We 
noticed that the completely denervated pupil became dilated during 
the operation for the removal of the adrenals. We observed upon 
more careful study that this dilatation in some instances was not du 
to any great degree to the ether but was due to cutting and manipula- 
tion. First of all, we wished to determine the influence of ether 


rABLE 9 


a 


Effect of ether on the isolated 7 


LEFT EYE RIGHT EYF 
Time | Size of pupil Time Size ' 
mm 
Normal Ringer 10:41) 2.033.30; Normal Ringer 10:31) 2.29*3.30 
Five drops of ether to |10:51) 2.54«3 S81) Five drops of ether to 10:48 4.32«4 32 
25 cc. of Ringer 22 cc. of Ringer 
added at 10:45 a.m. added at 10:45 a.m 
Five more drops of |11:02, 3.944.83) Five more drops of 10:57) 3.55%3.55 
ether at 10:53 ether at 10:53 
Five more drops of |11:22) 3.814.57| Solution replaced by |11:38, 3.30*3.30 
ether at 11:16 fresh Ringer’s solu- 


tion + 15 drops of 
ether at 11:29 
Solution replaced by |12:12) 1.783.05) Fresh Ringer without 12:11) 2.54254 
fresh Ringer with- ether at 11:43 
out ether at 11:58 


Cat 202, with a completely denervated pupil, was anesthetized with 
ether. The pupil became dilated to a small extent. Three hours after. 
epinephrectomy the cat was again placed under the influence of ether. 
The pupil, a slit at start, became slightly larger after 3 minutes of 
ether. During light anesthesia the pupil again became a slit. Deep 
anesthesia again caused slight dilatation. It appeared from this 
experiment that at least a part of the dilatation from ether was in- 
dependent of the adrenals. 

The diameter of the pupil was measured with the caliper square in 
six cats. Three of these showed marked dilatation during ether 
anesthesia. Cat 207 struggled while being anesthetized. The dener- 
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vated pupil increased from 9.40 to 13.21 mm. in 7 minutes. Cat 224 
showed an increase in the denervated pupil from 5.33 to 9.65 mm. in 
7 minutes. In 6 minutes more the dilatation had reached 11.94 mm. 
This was nearly maximal being 12.19 mm. (caused by opening abdomen 
and manipulating intestines). Cat 225 showed an increase of the dener- 
vated pupil from 8.13 mm. to 11.17 mm. 

In the remaining cats the dilatation from ether was not so great. 
Cat 212 with adrenals intact showed an increase from 2.03 to 3.30 mm. 
after 9 minutes of anesthesia. Cat 209 with intact adrenals showed 
an increase in the denervated pupil from 8.89 to 9.91 mm. when an- 
esthetized with ether. Three hours after epinephrectomy, ether 
anesthesia caused an increase in the denervated pupil from 9.40 to 
9.91 mm. Cat 205 showed an increase of the denervated pupil from 
2.03 to 4.06 mm. under ether anesthesia. 

We concluded from these experiments that the dilatation of the 
denervated pupil, during ether anesthesia was in part independent of 
the adrenals. We next sought to determine whether ether produced a 
direct effect on the iris. 

The irides with cornea attached were removed from a kitten just 
killed. They were placed immediately in warm, oxygenated, mam- 
malian Ringer’s solution* which was kept at a constant temperature. 
The addition of ether (5 drops or more to 22 or 25 ec. of Ringer’s 
solution) produced dilatation as shown by table 9. The left pupil 
was increased from 2.03 to 3.81 mm. The right pupil was increased 
from 2.29 to 4.32 mm. _ Replacing the ether solution with fresh Ringer’s 
solution caused the pupil to return approximately to normal size. 
Therefore ether has a direct effect on the pupil. This would account 
for part of the dilatation obtained in anesthesia, the remainder being 
due to the release of epinephrin. 

Elliott (10) found that ether causes a decided increase in the 
epinephrin output from the adrenals, whether the animal was alarmed 
or not. 

Corbett (7) has recently obtained evidence of depletion of epinephrin 
in the adrenals during anesthesia. 

The question whether ether anesthesia will inhibit the reflex dis- 
charge of epinephrin may be an important one in surgery. Our 
observations described above indicate that various types of sensory 
stimulation can produce an increase in the discharge of epinephrin in 
unanesthetized animals. Cannon and Hoskins (6) found that strong 
stimulation of the sciatic nerve in anesthetized animals would dis- 
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charge epinephrin. Cannon by means of the denervated heart has 
shown that various types of stimulation can increase the output of 
epinephrin. 

Our first observation in connection with operative procedure was 
made on cat 202. There wasa slight dilatation due to the ether anes- 
thesia and then a great dilatation after entering the abdomen.  Afte1 
removal of both adrenals, the pupil decreased to normal size. 

Cat 207 was followed more closely. The denervated pupil was 
markedly dilated because of struggling in being anesthetized, increasing 
from 9.40 to 13.21 mm. The skin incision in the mid-line of the 
abdomen increased the pupil to 14.48 mm. Fastening of skin-clamps 
caused an increase to 14.73 mm. which appeared to be maximal. Open- 
ing of the abdomen caused no further Increase. Removal of the right 
adrenal caused a decrease from 14.73 to 14.22 mm. in 2 minutes. 
Removal of the left adrenal caused decreases as follows: 1 minute, 
to 13.72 mm.; 3 minutes, to 12.45 mm.; 5 minutes, to 11.68 mm.; 
9 minutes, to 11.43 mm.; 11 minutes, to 11.18 mm.;13 minutes, to 10.69 
mm. The rectal temperature in the course of 50 minutes had dropped 
0.73°C. This experiment would indicate that the skin incision alone 
could produce a decided increase in the discharge of epinephrin. 

In cat 209, ether anesthesia caused an increase in the denervated 
pupil from 8.89 to 9.91 mm. A lumbar skin incision, suitable for 
exposing one adrenal caused an increase in the pupil to 10.69 mm. This 
was then sewed up and a skin incision made in the mid-line of the 
abdomen preparatory to epinephrectomy. Placing of the skin-clamps 
increased the pupil to 11.18 mm. Cutting through the abdominal wall 
caused no further increase in the pupil. Manipulation of the right 
adrenal preparatory to removal increased the pupil to 12.95 mm. 
Removal of the right adrenal reduced the pupil to 12.44 mm. Afte1 
removal of the left adrenal the pupil decreased to 10.16 mm. in IS 
minutes. This experiment also indicated that skin incisions were 
sufficient to increase the discharge of epinephrin. 

Cat 212 demonstrated very nicely the influence of operative proce- 
dure on epinephrin discharge. Ether caused the pupil to dilate from 
2.032 to 3.30 mm. A small skin incision in the lumbar region increased 
the pupil to 4.32 mm. An incision through the abominal wall but not 
through the peritoneum caused an increase in the pupil to6.86 mm. /ex- 
posure of the adrenal without handling it caused an increase to 8.38 
mm. The peritoneum was still intact. Closing and suturing of the 


lumbar incision brought the pupil back to 5.59 mm. An incision 
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Fig. 3. Effeet of operative pro- 
cedure on the completely denerv- 
ated pupil. A, normal; B, ether; 
C, skin incision; D, skin clamps 
in place; FE, incision through 
abdominal wall, intestines pushed 
aside; F, both adrenals removed 


$f minutes previously. 
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through the skin and wall at the mid- 
line of the abdomen caused an increase 
in the pupil to 6.35 mm. Manipulation 
of the intestine and right adrenal brought 
the pupil to 7.62 mm. Further manipu- 
lation of this adrenal, preparatory to 
removal, caused an increase in the pupil 
to 9.91 mm. Removal of the right 
adrenal reduced the pupil to 7.11 mm. 
within 1, minute. Removal of the left 
adrenal reduced the pupil to 7.11 mm. 
within 1 Removal of the left 
adrenal reduced the pupil to 4.57 mm. 
in 4 3.05 mm. in 13 


minutes. Fifty-one minutes after re- 


minute. 
minutes and to 
moval of the second adrenal the pupil 


The animal was 
coming out from the ether. 


had become 2.29 mm. 
This cer- 
tainly shows that cutting and manipu- 
lation have a very marked effect upon 
the discharge of epinephrin. 
The effect of cutting and manipu- 
lation are shown just as clearly in cat 
205 (fig. 3). Ether anesthesia increased 
the pupil from 2.03 mm. to 4.06 mm. 
The pupil began to dilate as soon as 
the skin incision was started, reaching 
9.40 mm. by the time that 
was complete. 


the incision 


Placing of skin-clamps 


increased the pupil to 11.94 mm. Cut- 
ting through the abdominal wall in- 
creased the pupil to 12.70) mm. 


temoval of the right adrenal decreased 
the pupil to 10.41 mm. in 3 
femoval of the left adrenal decreased 
the pupil to 4.06 mm. in 4 minutes. 
The pupil remained at 4.06 mm. as long 
as the animal was under the influence 
of ether. 


minutes. 


When allowed to recover from 
the effects of ether the pupil became 
1.78 mm. 

These observations demonstrate that 
ether anesthesia does 


not prevent an 
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increase in the discharge of epinephrin from the stimulation 


cutting through skin and muscle. In surgical operations, therefor 
the discharge of epinephrin is probably greatly augmented. Even 

minor operations, where only cutting the skin and muscle is involved 
there is a decided increase in the epinephrin discharge. This has a 


direct bearing upon the method used extensively by Stewart and 
Rogoff (22) to determine the dtscharge of epinephrin. A “cava 
pocket’’ was made by tying renal arteries and all of the veins entering 
the cava between the liver and the point of insertion of the cannula 
except the adrenal veins. A cannula was inserted into the lower end 


of the segment of cava and the pocket completed, just before beginning 
of collection of the blood specimen, by placing a clip on the cava | 
below the liver. Our observations certainly indicate that such an 
operation would increase the discharge of epinephrin. However skilful 
one may be he must cut through skin and muscle which according to 
our observations is sufficient to augment epinephrin discharge. We 


ls 


are able to draw but one conclusion; the “cava pocket”? method does 
not permit an estimation of the output of epinephrin which prevails 


in a quiet. intact animal. 
In general conclusion, we may say that strong stimulation of many 


varieties increases the discharge of epinephrin. Therefore the adrenals 


possess an emergency function. 


SUMMARY 


Various stimuli applied to a cat with a completely denervated iris 
will cause dilatation of the pupil. Similar stimuli cause little or no 
dilatation of the completely denervated pupil after the adrenals are 
removed. The completely denervated pupil, therefore, can be used 
to indicate increased epinephrin discharge. 

The barking dog has produced very little if any increase in the out- 
put of epinephrin in the cats which we have studied. 

Stimulation of the moist pinna by induction shocks causes a decided 
proportion to the 


increase in epinephrin discharge, somewhat in 


stimulus. 

Exclusion of air from the lungs for 40 seconds produces a very great 
increase in epinephrin discharge. 

Stimulation by cold causes a marked increase in epinephrin discharge. 

The order of effectiveness in producing increased epinephrin dis- 
charge is, beginning with the weakest, dog barking, pinna stimulation, 


cold and asphyxia. 
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Surgical operations increase the output of epinephrin. Ether does 
not prevent the reflex secretion. Ether, by its direct effect, causes a 
small dilatation of the completely denervated pupil. Skin incisions 
usually cause a decided increase in epinephrin discharge. Cutting 
through muscle may cause a further increase. Manipulation of 
abdominal organs causes an even greater increase. 

These observations indicate an emergency function of the adrenal. 
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This paper is a continuation of the results of our experiment previous} 
described in which we presented the results of a restricted diet on 
growth (1). We now present our results of a restricted diet on pubes- 
cence and the menopause. 

The age of pubescence in the normal albino rat shows great individual 
variation. Lantz (2) records a ease of sexual mating in the rat at the 
age of 35 days, and Jackson (3) one at the age of 49 days. The more 
usual age ranges between 60 and 90 days. A variation is found in 
normal individuals not only of different litters but also in members of the 
same litter. Experiments now in progress show that in females of the 
same litter, fed on the same kind of food and in the same environment, 
there is a difference of as much as 30 days in the ages of sexual maturity. 

That this normal variation in the age of pubescence and the meno- 
pause may be modified by various conditions has been shown by a 
number of investigators. - 

Mvers and Myers (4) state that when rats are underfed from birth 
there is retardation in the development of the milk ducts. Portier (5 
cites changes in the testicles of pigeons fed on a diet deficient in certain 
food accessories. There was an arrest of function due to at first a 
decrease and later a complete arrest of spermatogenesis, followed by 
resorption of spermatozoa and spermatids. Siperstein (6) states that 
underfeeding of young rats results in a reduction in the number of 
mitoses in the testes and an arrest of the normal process of histo- 
logical differentiation. Inadequate food and bad labor conditions were 
attributed by von Lingen (7) the cause of many cases of amenorrhea 
extending over from 4 months to 2 years. Benedict (9) and his asso- 
ciates in studying the effect of a restricted diet on human beings have 
shown that there was a definite lowering of the tone of sex instinet and 
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sex expression even though there was little effect on the external 
appearance and performance of the individual. They state: ‘Our 
data indicate that nature demands a rather high metabolic level for the 
normal functioning of sex in man.” Jackson and Stewart (8) have 
investigated the effect of inanition on various organs. In rats underfed 
from birth they found the ovaries distinctly subnormal, which suggests 
a cause of loss of fertility of the female when mated to a normal male. 

In comparing the general effect of inanition on the two sexes they 

found on the average the males more stunted than the females. 

The above conclusions and those of many other investigators show 
that often slight changes in the food accessories, or a lowering of the 
nutritional level may result in retarded development of the sex glands 
or in their diminished activity due to atrophy. In other words, sex 
activity and expression appear to be closely associated with metabolism 
and more or less dependent on the metabolic level. 

Relative ages of puberty and menopause. The age of sexual maturity 
in the rat shows a wide range. The earliest age of pubescence we have 
found was 63 days for the male and 62 days for the female. Marked 
delay of puberty in normally fed rats has been noted. In one case 
young rats were mated at the ages of 70 days and produced their first 
litter at the age of 290 days. Since the period of gestation is from 21 to 
22 days, puberty was delayed in this extreme case until the age of 
268 days. Such cases are rare but they show the great individual 
variation in the age of puberty. Averages of relatively large numbers 
of individuals therefore must be used in making comparisons of effects 
of environment or feeding on the age of pubescence. In our computa- 
tions we have assumed that in rats mated before they were sexually 
mature the first litter would be conceived very soon after puberty. 
The ages of pubescence of the parents could therefore be readily ascer- 
tained by deducting the gestation period from their ages at the birth of 
the first litter. 

To facilitate handling the data we have divided our matings into five 
groups, based on the origin of the stock from which the individuals of 
the pair were taken. The control rats, or omnivorous feeders, have 
been designated group I. Those matings in which both male and 
female were selected from the omnivorous stock and had been on an 
omnivorous diet until the time of mating were placed in group II. 
When one rat of a pair was taken from the control stock and its mate 
from the offspring of the restricted feeders, such matings constituted 
group III. All matings in which both sexes were selected from the 
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young of restricted feeders and had been on a restricted diet since bi 
formed group IV. Group V was composed of those restricted feeders 


which toward the end of the experiment were given an omnivorous diet 
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Table 1 represents the averages of all matings made in the differen 


groups. By consulting this table we see that when the control rats 


(group I) are considered we find the average age at mating for the males 
was 109 days and for the females 111 days. This rather high average is 


TABLE 1 


Showing the relative ages in days of all the matings which threw litters of the different 


groups at correspor ding pei iods 
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due to the fact that some of the matings were from mature rats. This 
applies also to groups II, III and IV where the ages average still older. 
When the average ages at the first litter in the different groups are 
compared we find a delay greater than in the normal in each of the 
restricted groups. The average interval between mating and the first 
litter in group I (controls) was 50 days, in group II, 78 days, in group 
III, 96 days, and in group IV, 70 days. In other words, the increased 
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delay of the birth of the first litter in the restricted feeders ranged 
between 40 per cent and 92 per cent greater than the controls. A 
point not brought out in table 1 is that the average age at mating of the 
restricted feeders was much older than the average age of puberty in 
the controls. This was an advantage to the restricted feeders as it 
would tend to lessen the interval between mating and the first litter. 

The average age at which reproductive activity ceased in the normal 
male was 337 days and in the female 358 days. These averages are 
slightly greater than those of group II, but less than those of groups 
III and IV. This indicates that the sudden change from anomnivorous 
diet to a restricted one shortens the period of reproductive activity by 
causing the menopause to occur at an earlier age, but that this may be 
overcome to some extent by animals of succeeding generations. This 
view seems to be further substantiated when the average reproductive 
periods and the average number of litters are considered. This will be 
discussed in a later paper. 

The effect of a restricted diet is markedly shown when the earliest and 
oldest ages at which litters were born are compared to those of the 
normal. Many of the matings in all groups consisted of pairs sexually 
immature which had the opportunity of throwing litters at the earliest 
possible age. This occurred in the controls at the age of 85 days for 
the male and 84 days for the female, which indicates they had reached 
pubescence at the ages of approximately 63 and 62 days respectively. 
The groups on the restricted diet showed a delay in age at the birth of 
the first litter ranging from 16 to 80 days longer than the normal. 
Comparing the oldest ages at which litters were born we find that the 
restricted diet in all groups has shortened the period of reproductive 
activity by causing the menopause to occur earlier. The advance in 
age in the males ranged between 260 and 353 days and in the females 
between 157 and 275 days. 

Since the average age at mating of all breeding rats on the restricted 
diet was older than that of the controls, it is thought wise to make a 
comparison also of only those animals which were mated at or before 


the normal age of pubescence. From such data table 2 has been con- 
structed. As would be expected we find the average age at birth of the 
first litter in all groups much younger than shown in table 1. But the 
delay in the beginning and an earlier cessation of the period of reproduc- 
tive activity caused by the restricted diet is more pronounced. That is, 
the duration of reproductive activity in the different groups of restricted 
feeders has been shortened from 10.4 per cent to 37 per cent of the 
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normal. The averages in groups III and IV represent too few matings 
to be wholly trustworthy. They, however, represent the only matings 
which produced litters. In group II the average at mating of the males is 
12 days and that of the females 7 days older than the controls (group I 

However, the age of the males at the first litter in group II is 27 days 
greater than that of the controls, while the comparative ages of the 
females of the two groups is in favor of the restricted feeders. This 


TABLE 2 
Showing the relative average ages in days of the different groups at corresponding 
periods of rats mated before or at the normal age of sexual maturity. Only those 
pairs w hic h threw litters are considered 


| 
| 


z = | E zE 
< =. 
< < < ZG 
< < <6 
Fd ze SE ma 
a5 a5 “5 
< | < “ al } | < 
| @ "a | | 
= = = = | | 
= = = | 
lel ls! fst Jel lel tsp | 
Omnivorous, t.. -|29'69 30/72/29 12¢ 1130131 29) 319)30 317) 85) 57 


Omnivorous re-| | | | | | 


stricted diet, group I1/16)81)14 16)1i 36) 14/123 16203 42 231\101 101'358/358 20) 81 
1 omnivorous, 1 re-| | | | | 
stricted on restricted | | | | 


diet, group III........| 2,56) 2.59) 2/167) 2)170) 2)167) 2,170,166 2,111 
Restricted stock on| | | | 

restricted diet, | 

5.80) 4/165, 5,181) 4/188) 5 189,102)123 357/357, 6) 90 


indicates that the diet affects the male sooner than the female. If we 
compare the ages at birth of the first litter of group II with those of 
groups III and IV we see that the ages of both sexes in the latter groups 
were increased, though not equally. The female was affected more 
than the male. It is also seen that pubescence is most delayed 

females from restricted stock. These facts indicate that the effect 
of a restricted diet on animals may not be decidedly revealed until they 
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have been subjected to it for a considerable portion of their life span. 
(In the rat this period is about two months from the beginning of 
the restricted diet.) This accounts for the close agreement of the ages 
at birth of group II and the controls (group I). 

The average age at the menopause of the restricted feeders, which were 
mated at or before pubescence, was much younger than normal. Group 
II compared most favorably to the normal of any of the restricted 
groups. But in this group the average age at last litter of the males 
was 203 and of the females 231 days, which was 116 and 86 days, respec- 
tively, earlier than the corresponding sexes of the controls. In groups 
III and IV the sexes ceased to reproduce at nearly the same age. This 
age, however, was still earlier in life, being approximately 140 days 
earlier than the normal. These results indicate that the longer the 
animals were fed the restricted diet the greater was the effect in hasten- 
ing the menopause. 

The effect of retarding pubescence and hastening the menopause on 
the length of the period of sexual activity in the different groups is 
shown in table 3. In all the control matings which produced young the 
average span of reproductive activity for the males was 202 days and 
for the females 217 days. In productive matings of young animals it 
was 212 and 208 days respectively. These results show that the normal 
period of reproductive activity of our control rats was about 210 days 
foreach sex. In comparing group II to the normal we find in the produc- 
tive matings of different ages that the duration of sexual activity was 
nearly the same in each sex but that it was less than one-half the normal 
period. In productive pairs mated about the age of pubescence we 
find the male period averaged less than one-third and the female a 
little over one-half that of the normal. This shows that in young 
animals the males are more affected. 

Groups III and IV had a decided lengthening of the period of sexual 
life in the productive matings of different ages as compared to group II. 
But in these groups, with the exception of the males in group III, the 
averages were considerably shorter than the control. This seems to 
indicate that after a time the animals were able to make a partial adjust- 
ment to the new conditions. The results of the pairs mated about the 
age of pubescence in groups III and IV represent too few to be reliable, 
but as far as they go they show that young animals were more affected 
than older ones by the restricted diet. 

The foregoing results were obtained by comparing only breeding pairs 
of the different groups. It will now be necessary to show to what extent 
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our restricted diet caused complete suppression of pubescence which 
resulted in sterility. It is not unusual for sterility to occur in normal 
rats. In our controls we found in the 90 pairs 11 per cent failed to 
reproduce. In the 119 matings representing all groups of the restricted 
feeders we found 49.5 per cent which proved to be sterile. That is, 
the restricted diet has caused the complete suppression of pubescence 
to increase over fourfold. 
TABLE 3 


Length in days of the period of sexual activity of the different groups of rats 


PRODUCTIVE MATINGS PRODUCTIVE MATINGS 
PAIRED AT | PAIRED AT OR BEFORE AGE 
DIFFERENT AGES | OF SEXUAL MATURITY 
Males Females Males Females 
Num- Days Num- Days Num Days Num Days 
ber ber t ber 
Omnivorous, group I.............. 61 | 202 | 62/217 | 29/212! 30 | 208 
Omnivorous on restricted diet, 
16 | 109 16 | 98 16 69 14 | 130 
1 omnivorous, | restricted on re- 
stricted diet, group III........ | 7] 291 5 | 141 2} 22 2| 22 
Restricted stock on _ restricted 
15 | 166 | 15 | 186 4| 45 5 | 30 


TABLE 4 


Showing the relative sterility in the different groups of rats 


PERCENT 

PARENTS bathe | DIET AFTER MATING 
PAIRS 
Omnivorous stock, group I.................. 90 | Omnivorous 11 
Omnivorous stock, group II................. 67 Restricted 43 

1 omnivorous stock, 1 restricted stock, 

Restricted stock, group IV......... ad 19 Restricted 50 
testricted stock, group V....... 14 Omnivorous 21 


Table 4 shows the results in the different groups. Of the groups fed 
on the restricted diet after mating, group II shows the least effect. 
This substantiates our statement that the full effect of the diet was not 
manifest until some time had elapsed. We have no explanation for the 
higher per cent of sterility in group III than in group IV. The marked 
decrease in the per cent of the non-breeding pairs in group V shows the 
effect of the addition of animal protein to the restricted diet. 


42 JAMES ROLLIN SLONAKER AND THOMAS A. CARD 


The question naturally arises as to whether it is the male or the 
female which is rendered impotent. Or if both sexes are affected, is it 
to the same degree in each? In order to throw some light on this, six- 
teen special matings were made. Seven of these were made to test the 
impotency of the male, and nine to test the sterility of the female. The 
manner of making these tests was as follows: Pairs which had been 
mated for a sufficiently long time to have reproduced and which had 
failed to do so were separated and remated. The restricted males were 
remated to vigorous control females, and the restricted females were 
mated to strong and healthy omnivorous males. 

The results of the tests on the males show that of the seven matings 
made three produced young, all of which died. The remaining four 
proved to be impotent. That is, impotency resulted in 57 per cent of 
cases tested. In the case of the females we found that two gave birth 
to young, which died, and the remaining seven were sterile. In these 
sterility was produced in 78 per cent of the females. The number of 
mating trials in these tests, however, was not sufficiently large to be 
wholly trustworthy but, so far as they go, they indicate that the 
restricted diet has a more pronounced effect on the reproductive activity 
of the female than on the male. The ratio of the per cent of impotency 
in the male to that of the female is as 1 to 1.37. 


CONCLUSIONS 


1. Our restricted diet caused a delayed pubescence ranging from 
40 to 92 per cent of the normal. The effect was more pronounced on 
young immature rats than on older immature animals. 

2. Pubescence in young males was delayed more than in young 
females. 

3. The average age at the menopause of all restricted feeders was 
not greatly changed from the normal, but in young animals mated at 
the age of pubescence it occurred much earlier in life. 

4. The period of sexual activity of the restricted feeders was decidedly 
shorter than normal, being most marked in young animals, due both to 
delayed pubescence and an earlier menopause. 

5. The restricted diet caused an increase in sterility of over four times 
the normal. The per cent of sterility was greater in the females than 
in the males. 

6. Animals longest on the restricted diet showed the greatest effect. 
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7. The addition of animal protein to the restricted diet produced a 
reduction in sterility and an approach to normal conditions of pubes- 
cence, menopause and period of reproductive activity. 

8. A delay of from one to two months was seen in the effect ofthe 
restricted diet. 
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A number of years ago a series of papers was published by Stewart, 
Pike and Guthrie (1), (2), (3), (4), (5), in which were recorded the results of 
extensive studies on the phenomena occurring during anemia of the 
brain and bulb induced by occluding the arteries going to the head, 
and during the resuscitation of these structures after periods of occlusion 
of the head arteries ranging from 3 to 81 minutes. These investigators 
observed, in addition to a number of other important changes, the 
striking vasomotor response manifested by a rapid and large rise in 
blood pressure beginning with the onset of anemia and continuing 
throughout the period of occlusion, or until the resulting failure of the 
bulbar centers caused the blood pressure to sink to spinal level, and 
their attention was directed to the analysis of the mechanism of this 
conspicuous phenomenon. 

In describing the character of the blood pressure curve of cerebral 
anemia, these investigators state that the usual response presents a 
curve with two summits. The rapid ascent of the blood pressure is 
interrupted, through vagus inhibition causing cardiac slowing and a 
fall in blood pressure to, or below, the initial level, and then the pressure 
again mounts somewhat slower and usually higher, through the powerful 
activity of the vasomotor center after the vagus center has succumbed 
to the anemia, reaching a level which is maintained throughout the 
period of occlusion, or when this period is relatively long, until failure 
of the bulbar vasomotor center takes place (1). The part played by 
splanchnic vasomotor effects has been well demonstrated by Stewart, 
Guthrie and Pike and by other observers. Recently there has been 
published additional confirmation on this point (6). 

The blood pressure record during occlusion oi the head arteries pre- 
sents, in general, the same kind of curve as has been shown by a number 

44 


BLOOD PRESSURE DURING CEREBRAL ANEMIA 45 


of investigators to occur in experiments on increased intracranial pres- 
sure. Eyster, Burrows and Essick (7), who confirmed the earlier work 
of Cushing (8) on the effects of an increase of the intracranial pressure 
on the arterial blood pressure, point out that the cardio-inhibitory effect, 
which appears at the end of the preliminary blood pressure rise, may be 
due to at least two causes—anemia of the cardio-inhibitory center, 
and the considerable and fairly sudden rise in blood pressure. The 
first effect of increasing the intracranial pressure is usually a small rise 
of blood pressure. This is spoken of by them as the preliminary rise, 
to distinguish it from the marked rise that occurs later and which is 
due to vasoconstriction. They state that “this preliminary rise of 
pressure is not due to vasoconstriction, since at this time the limb, 
intestine and kidney all show an increase in volume.” In spite of this 
direct evidence, however, Burton-Opitz (9) concludes that the first rise 
is due to vasomotor effect and the second rise is brought about by the 
entrance of adrenin into the circulation. Although neither he, nor so 
far as we are aware, any one else has made experiments to show that the 
adrenals are in any way concerned with this reaction, he apparently 
considers it sufficient support for his idea that the adrenals are con- 
cerned to say that he prefers to explain the peculiarities of the blood- 
pressure curve “‘im Sinne von Von Anrep.” If Anrep’s conclusions 
were entirely justifiable, from his experiments (10)—and there is 
sufficient evidence that this is not so (11)—we do not agree that they 
would have any bearing on the explanation of the character of the 
blood-pressure rise elicited by increased intracranial pressure. 

Winkin (6) published the results of experiments made on cats with 
a view to analysing the nervous control of the cardio-vascular changes 
that occur during cerebral anemia, particularly “‘the efferent nervous 
pathways of the ‘anemic rise’ of pressure: above all, with the degree to 
which it involves the splanchnic constrictor fibers. The extent to which 
splanchnic involvement has made for adrenal activity has then been 
investigated.’”’ For this purpose repeated temporary blood-pressure 
rises were induced by occlusion of the head arteries for short periods, 
allowing sufficient time for recovery of the bulbar centers between 
occlusions. This investigator observed that after a number of such 
repeated occlusions of the head arteries were performed, the curve of 
the anemic rise in blood pressure becomes “‘dissociated” into two dis- 
tinct parts, each occupying about half of the time occupied by the 
entire curve usually seen in the first few occlusions. She found that she 
was unable to elicit as many blood-pressure responses on occlusion 
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of the head arteries in cats, when the adrenal glands were tied off, as 
in the cats in which the adrenals had not been interfered with, usually 
only a few being obtained; also, that the blood-pressure curve obtained 
after ligation of the adrenals generally occupied only about half of the 
time of the normal response and presented only a single rise or sometimes 
a reduced double curve. She observed, further, that the survival period 
of the animal, after ligation of the adrenal glands, may be reduced when 
the animal is subjected to successive repeated occlusions of the cerebral 
circulation. 

In a preliminary communication (12) she concluded, from her experi- 
ments, that ‘‘adrenalin is involved in a double relation to the splanchnic 
fibers. In the first place, its increased secretion, which is thrown out 
after a considerable latent period into the blood-stream, is the agency 
that makes possible the maintenance of the effect initiated by the 
splanchnic fibers” and “in the second place, however, the existence 
of adrenalin in the blood-stream is apparently necessary for the mainte- 
nance of vasomotor tone itself.’”’ In her final paper, however, she 
records two experiments in which the results after ligation of the adrenals 
differed little, or not at all, from those seen in animals without inter- 
ference with the adrenals, and the former conclusion is repudiated by 
her, though she maintains that “an increased availability of some 
product of adrenal activity appears demonstrable in intact animals 
under extreme splanchnic stimulation, after eight or ten successive 
occlusions have been inflicted.’”’ She did not perform any experiments 
that might yield quantitative information on epinephrin secretion. 
Indeed, we do not see that her investigations yield any information 
regarding adrenal activity. 

It is nevertheless conceivable that the profound disturbance brought 
about in the upper part of the central nervous system, by occluding the 
head arteries, might affect the central mechanisms concerned with 
adrenal activity, together with the other centers in the anemic area, 
and thus alter the rate of epinephrin liberation from the glands. Stewart 
and Rogoff (13) examined the rate of epinephrin output from the adren- 
als in three cats, 15 to 30 minutes after permanent cerebral anemia had 
been induced by ligating the head arteries. While no significant altera- 
tion in the rate of epinephrin secretion was demonstrated in these 
experiments, it is possible that a transient change might take place 
during the period when the vasomotor center is responding to the 
powerful stimulation initiated by the anemia. In two preliminary 
experiments on this point, performed by us, there appeared to be a 
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moderate increase in the rate of epinephrin secretion under these con- 
ditions. This question is being investigated further and the results 
will be published in a later paper. It must be pointed out that an 
increased rate of secretion of epinephrin might be present during 
occlusion of the head arteries and yet not be in any way responsible for 
the other phenomena elicited as a result of the cerebral anemia. 

In view of the controverting evidence on the supposed dependence 
upon increased adrenal activity (epinephrin secretion) of certain other 
reactions, viz., the volume changes in a denervated limb (11) and 
the acceleration of the denervated heart (14) during sciatic stimulation, 
we investigated the alleged relation of adrenal activity to the vasomotor 
phenomena that occur during acute cerebral anemia induced by 
occlusion of the head arteries. 

Technique. Our experiments were performed on cats and rabbits. 
The head arteries were isolated in the same manner as that employed by 
Stewart, Guthrie and Pike (1). Loose ligatures of heavy silk were 
placed under the subclavian arteries proximal to the origin of the 
vertebrals and under the right carotid artery, the cannula for recording 
the blood pressure being inserted into the left carotid. These ligatures 
served as guides in placing the clamps on the vessels when occlusion 
was practiced. Care must be exercised, particularly in the rabbit, 
when causing traction upon the ligatures for the purpose of drawing 
up the arteries, to avoid tearing the vessels. Indeed, it is important 
in all animals to guard against excessive or too frequent traction on the 
arteries while isolating them, as this may cause partial temporary anemia 
ot the structures concerned in the experiment, thus modifying the results 
by inflicting various degrees of damage before the actual observations 
are begun. We have found that in cases where unusual difficulties arise 
in isolation of the arteries, it is better to puncture the pleura or, if 
necessary, resect a piece of the first rib, rather than exercise the amount 
of traction that sometimes seems necessary to insure the proper isolation 
of all the arteries. So long as effective artificial respiration is main- 
tained, these added operative procedures appear to have no important 
effect upon the vasomotor responses elicited by repeated occlusions 
of the head arteries. All of our experiments were performed on a warm- 
ing table especially constructed for the purpose of maintaining the body 
temperature of an animal. 

We made some observations on normal cats and rabbits, without 
interference with the adrenals, to serve as controls. In other experi- 
ments on normal animals the adrenal veins were clipped or tied off or 
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the glands excised during the experiment. In all cases where the 
adrenals were tied off, the lumbo-adrenal vein was ligated on both sides 
of the adrenal and as close to the gland as possible. The most conclusive 
results were obtained on animals that had been previously operated 
upon, from 2 to 4 weeks prior to the acute experiment, to suppress or 
abolish function of the adrenals. The operations consisted of, a, 
excision of one adrenal (the remaining gland being clipped, tied off or 
excised during the acute experiment); b, excision of both adrenals in 
rabbits; and c, excision of one adrenal and denervation of the other 
(and the medulla of it curetted out or a large part of the remaining 
gland excised in addition to denervation) in cats. In our experiments, 
the periods of occlusion of the head arteries were on the average about 
2 to 3 minutes. Generally, the clamps were removed from the arteries 
at about the time that the fall in blood pressure, after the anemic rise 
induced by the occlusion, began. Sometimes the pressure was allowed 
to fall to the pre-occlusion level before removing the arterial clamps. 
At first, the return of the corneal reflex was used by us as the signal for 
the beginning of the next succeeding occlusion, but it was found that it 
is not well to rely entirely upon the return of the corneal reflex as an 
index. During the course of an experiment, in the first few observations 
the activity of this reflex may be altered by the degree of the anesthesia 
to which the animal had previously been subjected; later, after the 
animal has been subjected to a number of periods of cerebral anemia it 
may entirely fail to return, although at the time the basal level of blood 
pressure may be quite good and succeeding occlusions of the head 
arteries yield excellent vasomotor responses. This is in harmony with 
the observations of Pike, Guthrie and Stewart (2) that the vasomotor 
and respiratory centers persist longer and recover sooner than other 
centers. On the other hand, we have sometimes observed the presence 
of a good corneal reflex at a time when the basal blood pressure level was 
too low to sustain sufficient functional activity of the vasomotor center 
to permit the usual response to cerebral anemia. 

Since it is a vasomotor reaction that we were studying, we believed 
that for our experiments a better index for the recovery of the vasomotor 
mechanisms would be the return of the blood pressure to a stable level 
and that since the vasomotor center recovers sooner than other centers, 
after a period of cerebral anemia, the only advantage of waiting for the 
reappearance of the corneal reflex is the longer interval between occlu- 
sions, permitting a greater degree of recovery of the bulbar structures. 
In most of our experiments, therefore, we used as a signal for the begin- 
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ning of each successive occlusion the return of the blood pressure to, 
or nearly to, the pre-occlusion level together with the return of function 
in the respiratory and corneal centers so long as these were still respon- 
sive. The level to which the pressure returns in the first few occlusions 
usually remains quite constant. In some experiments it is seen to reach 
a higher level with the recovery from one occlusion than that at the 
corresponding phase of the preceding curve, for a while, then the basal 
level gradually becomes lower with each succeeding recovery from the 
anemic period until it reaches the critical level at which the bulbar 
centers cannot maintain adequate function. The tendency upward of 
the basal level at first is probably partly due to gradual recovery from 
ether. After the occlusions are started and cerebral anemia is induced 
once or twice the animal shows no signs of consciousness and etheriza- 
tion is unnecessary throughout the rest of the experiment. 

The duration of the blood pressure rise resulting from cerebral anemia 
in cats varied, in our experience, from about 1 to 3 minutes, in rabbits 
perhaps somewhat less. This depends chiefly upon the completeness 
of the anemia and the integrity of the bulbar vasomotor center at the 
time of occlusion. In some cats it does not seem possible to cause 
complete anemia at first and the bulbar centers do not lose their power 
of functioning during the earlier occlusions. Stewart, Guthrie and 
Pike (1) have also observed a number of cats in which the persistence 
of more or less bulbar activity after occlusion of the head arteries caused 
them to doubt the totality of the anemia in such cases. This may 
probably be due to sufficient blood reaching the bulb from the upper 
part of the cord during the period of high blood pressure maintained by 
the partial anemia of the vasomotor center during the occlusion of the 
head arteries, since according to Hill (15) the merect dribble of blood 
suffices to maintain a certain degree of activity of the central nervous 
system for long periods. But, in these exceptional cases, after two or 
three occlusions of about the usual duration have been made, the animal 
generally begins to show symptoms of complete failure of the bulbar 
centers with the succeeding occlusions until finally the usual bulbar 
response is established. Of course, the duration of the periods of 
recovery allowed between occlusions must greatly influence the duration 
and character of the responses to succeeding occlusions. In rabbits 
we have not seen evidence of incomplete anemia during occlusion. We 
have, however, observed that thrombi may form as a result of damage 
to the arteries by the clips or ligatures (we used the same bull-dog 
clamps on cats and rabbits) and that such thrombi may finally prevent 
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free circulation of blood and cause permanent cerebral anemia. This 
explains why resuscitation by artificial means, of the bulbar centers, 
when they finally fail to recover after a number of occlusions of the 
head arteries have been made, is less frequently successful in rabbits 
than in cats. 

There does not seem to be any material difference, between cats and 
rabbits, in the average number or the character of the anemic blood- 
pressure responses that can be elicited by repeated successive occlusions 
of the head arteries. We have elicited up to about thirty successive 
blood-pressure rises before the vasomotor center failed to respond further 
to occlusion of the head arteries, without resuscitation by artificial 
means. A fair average is about 15 to 20 for the cat and 12 to 15 for the 
rabbit but a much greater number of responses is not uncommon in 
many animals. No doubt, many of the conditions that determine the 
duration must play a part in determining the number and perhaps also 
the character of the responses. Our best results were usually obtained 
in experiments on vigorous young adult animals. The so-called “ dis- 
sociation”’ curve is obtained in both animals. We have preferred to 


designate this type of curve as a “double curve,” and to speak of 


“division” rather than “dissociation” of the curve. 

Experiments on animals not previously operated wpon: Rabbits. Out 
of nine normal rabbits, six satisfactory experiments were obtained. 
The blood pressure, on occluding the head arteries, usually mounts to 
about 100 mm. or more above the basal level, in the earlier observations, 
and as the condition of the animal becomes less favorable in the course 
of the experiment, the increment gradually diminishes until with the 
last few effective occlusions it may be only about one-third, or less, of 
the original rise. The average number of blood pressure responses 
elicited on repeated successive occlusions of the head arteries was 
fourteen, the individual numbers being 27, 13, 7, 6, 8 and 22. 


In the first of these, rabbit 767, the blood pressure, before the first occlusion 
of the head arteries, was 104 mm. of mercury. Twenty-seven successive occlu- 
sions were performed for periods of 120 to 150 seconds in the beginning, diminish- 
ing to 30 to 60 seconds in the last few occlusions. The basal level of blood pressure 
gradually fell to 64 mm. before and 48 mm. after the last occlusion and thereafter 
the vasomotor response could no longer be elicited. Rabbit 798 yielded twenty- 
two vasomotor responses to successive occlusions. The blood pressure, at the 
end of the operative procedures incident to isolating the arteries, was 78 mm. of 
mercury. After the second response to cerebral anemia the succeeding five 
curves showed more or less tendency to divide into two nearly equal parts. 
Later, the dip described by Stewart, Guthrie and Pike, on the ascending limb 
of the curve, which they attribute to the influence of the vagus, gradually 
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appeared to take a corresponding position on the descending limb, and in some 
curves there was a dip, at about the same level, on both limbs. The basal level 
of pressure fell to 46 mm. before the last observation and, after a 20 mm. rise 
on occlusion, fell on release of the head arteries to 24 mm., gradually returning 

to39mm. No further response was elicited and injection of Ringer and adrenalin 

failed to restore the blood pressure to a higher level. After the sixteenth obser- 

vation the corneal reflex failed to return although the level of blood pressure 

was apparently quite adequate to permit return of activity of the vasomotor 

center, and in the last six observations the final return of the blood pressure to a 

stable level, after release of the head arteries, was used as an index for the suc- 

ceeding occlusions. In another rabbit (789) a well marked tendency toward 

division appeared in the first curve, on occlusion (fig. 1, 1 to 5). The next curve 

was of the ordinary type, then two more indicated some tendency to divide 

(fig. 1, 0 to 13) and the other four responses obtained in this animal yielded curves 

of the usual type (fig. 1, 18 to 21). The blood pressure before the first occlusion 

was 98 mm. of mercury, before the last occlusion 64 mm., and it fell to 39 mm. 

on release of the arteries at the end of the last observation. Ringer failed to 

restore the pressure to an effective level. Rabbit 775 yielded seven successive 

anemic rises, the first six of which showed different degrees of division, the last 

curve presenting a single peak. In this animal the blood pressure before the 

first occlusion was 60 mm. of mercury, before the last 55 mm. and after releasing 
the arteries in the last observation, it fell to 31 mm. 

In one rabbit (772), the blood pressure, at the end of the operative procedures 
incident to isolating the head arteries, was 76mm. _ In the first four observations 
the basal level to which the pressure returned before the next succeeding occlu- 
sion gradually rose to 126 mm., then gradually receded to 102 mm. before the 
last occlusion. On releasing the head arteries, after the last observation, the 
blood pressure fell to 44 mm., and injection of Ringer and adrenalin failed to 
cause more than a transient elevation of the pressure. Thirteen blood-pressure 
responses were elicited, the periods of occlusion being 90 to 150 seconds in the 
early observations and 60 to 90 seconds in the later ones. 

One experiment (rabbit 776) is of interest because during the operative pro- 
cedures the ligature under the arteries on the right side was accidentally jerked 
and the vessels torn. Since the arterial cannula for recording the blood pressure 
was inserted into the left carotid the cerebral circulation was being maintained 
only through the left vertebral. The blood pressure had fallen to 46 mm. of 
mercury and the corneal reflex could not be elicited. After intravenous injection 
of Ringer the blood pressure gradually recovered until it reached 82 mm., and the 
corneal reflex reappeared. Six good anemic rises were elicited (fig. 2), the basal 
level of pressure gradually falling to 52 mm. before occlusion and 30 mm. after 
release in the last observation. 

The other three rabbits illustrate, what has already been mentioned, that 
thrombosis may be an important factor in determining the number of vasomotor 
responses that can be obtained on inducing cerebral anemia by occlusion of the 
head arteries. In one of these rabbits a clot was visible near the point at which 
the clip was applied to the artery on the left side. When the clip was removed, 
after the second occlusion, and the blood pressure was returning to nearly the 

pre-occlusion level, manipulation of the artery loosened the thrombus and it 
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Fig. 1. Blood-pressure tracings from rabbit 789; 1-5, first (75 seconds) occlu- 
sion of head arteries; /0—13, third (70 seconds) occlusion; 18—2/, fifth (90 seconds) 
occlusion. Base-line moved up 30 mm. and the figure then reduced to four-fifths. 

In all of the figures the time is in seconds and the base-line of the time-trace 
corresponds with zero blood pressure. The numbers, on the tracings, that are 
not mentioned in the legends correspond with the disappearance and reappear- 
ance of the corneal reflex and respiratory gasps or other incidental observations 
which are not directly concerned with the purpose of this paper. The first two 
numbers correspond with the adjustment of the two clamps. Where only one 
number is given, for occlusion, it corresponds with the adjustment of the second 
clamp. 


Fig. 2. Blood-pressure tracings from rabbit 776; 10-12, fourth (45 seconds) 
occlusion of head arteries; 14-16, fifth (50 seconds) occlusion. Base-line moved 
up 14 mm. 
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entered the blood stream. Very shortly the animal presented the picture of 
permanent cerebral anemia, the corneal reflex and spontaneous respiration dis- 
appeared, the blood pressure fell to spinal level and elevation of pressure by 
injection of Ringer failed to resuscitate the bulbar centers. Of the other two 
rabbits, one yielded only one response and the other two, when the same phe- 
nomena appeared. Although a thrombus was not seen in these two rabbits, the 
sudden change, at a time when the animals were apparently in good condition, 
was probably brought about through embolic occlusion of the cerebral circulation. 


Cats. The number of vasomotor reactions obtainable in cats, on 
occlusion of the head arteries, is not very different from that in rabbits. 
From the series of experiments performed by us it appears that the 
average number of responses that can be elicited, without artificial 
resuscitation of the nervous centers, may be about three or four more in 
cats than in rabbits. When the blood pressure reaction fails, however, 
it seems more easy to restore it in cats by intravenous injection of 
Ringer. We have already suggested a possible explanation tor this in 
the more frequent occurrence of thrombi in rabbits. 

The time at which the blood-pressure response exhibits a “double”’ 
curve varies. In many experiments division of the curve is absent 
altogether. Usually it is seen after a number of occlusions of the 
head arteries have been made. However, it is not uncommon to see it 
very early, sometimes in the first blood pressure curve obtained on 
occlusion. Again, it may appear and disappear without regularity in 
one and the same experiment. 


Thus in cat 786, the first five blood-pressure responses elicited on clamping off 
the head arteries yielded curves of the ordinary type (fig. 3, 1 to 4 and 14 to 17). 
These were followed by three curves exhibiting a well-marked double contour. 
One of these (fig. 3, 22 to 25) is figured to demonstrate the peculiar character of a 
curve, sometimes seen, in which there is a relatively long period between the two 
elevations. In the other two curves mentioned the component elevations were 
closer together. After the eighth occlusion the vagi were divided, in the neck. 
Six more anemic rises were elicited, the first of which yielded a curve of the 
ordinary type (fig. 3, 37 to 39) and the other five with well-marked double contours 
(fig. 3, 46 to 48). The basal level of blood pressure was at this stage 82 mm. of 
mercury, having dropped from 122 mm. before the first occlusion. Although the 
blood pressure was still at a level capable of sustaining active responses of the 
bulbar centers, the increments of blood pressure were gradually diminishing. 
Fifty cubic centimeters of Ringer was injected and the blood pressure rose to 
114 mm. Eleven responses were now obtained, the curves exhibiting different 
degrees of division (fig. 3, 66 to 69). The blood pressure fell to 55 mm. and 
another injection of Ringer brought it up to 112mm. This was followed by nine 
successive vasomotor responses on repeated occlusion of the head arteries. The 
first of these yielded a curve of the usual type (fig. 3, 114 to 117), then followed 
six ‘‘double’”’ curves and in the last two curves the first fall became progressively 
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Fig. 3. Blood-pressure tracings from cat 786; /-4, first (77 seconds) occlusion 
of head arteries; 14-17, fourth (89 seconds) occlusion; 22-25, sixth (130 seconds) 
occlusion; 37-39, ninth (126 seconds) occlusion (after section of vagi); 45-48, 
eleventh (69 seconds) occlusion; 66-69, fifteenth (70 seconds) occlusion (after 


Ringer injection); 114-117, twenty-sixth (56 seconds) occlusion (after more 
Ringer). Base-line moved up 54 mm. in /[-4, 50 mm. in /4-17, 62 mm. in 22-26, 
33 mm. in 37—39, 29 mm. in 45-48, 36 mm. in 66-69, and 37 mm. in 114-118 and the 
figure then reduced to two-thirds. 


Fig. 4. Blood-pressure tracings from cat 786; 130-132, thirtieth (78 seconds) 
occlusion of head arteries; 140-143, thirty-third (84 seconds) occlusion; 144-146, 
thirty-fourth (88 seconds) occlusion. Base-line moved up 36 mm. in 130-132, 38 
mm. in 140-148 and 37 mm. in 144-146 and the figure then reduced to four-fifths. 
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less prominent and the second rise more so, developing a second high peak (fig. 4 
After the last of these responses the basal level of blood pressure fell to 58 mm. 
of mercury. Another injection of Ringer brought it up to 80 mm. for a short 
period, during which two small but definite anemic rises were obtained. Injec- 
tion of adrenalin caused a temporary increase in the blood pressure, but it finally 
came down to 72 mm. and occlusion of the head arteries yielded no vasomotor 
response. The blood pressure continued to fall, and the experiment was 
terminated. 

In another cat (792), the blood pressure before the first occlusion was 130 mm 
Seven successive anemic blood-pressure responses were elicited on repeated 
occlusion of the head arteries. The first three curves were of the usual type 


Fig. 5. Blood-pressure tracings from cat 792; 5-8, second (65 seconds) occlu- 
sion of head arteries; 9-13, third (37 seconds) occlusion; 24—27, sixth (63 seconds) 
occlusion; 29-32, seventh (58 seconds) occlusion. Base-line moved up 56 mm. 
in 6-8, 42 mm. in 9-13 and 24-27, and 30 mm. in 29-32. 


(fig. 5, 5 to 8 and 9 to 13), then followed two curves exhibiting large second peaks 
and two others with well marked division (fig. 5, 24 to 27 and 29 to 32). The 
blood pressure before the last occlusion was 74 mm. and on release of the head 
arteries in this observation the basal level was 62 mm. but fell rapidly to 20 mm. 
Injection of Ringer and adrenalin brought the pressure up to 76 mm. but the 
improvement was not lasting and no further reactions could be elicited. The 
artificial respiration was interrupted, through mechanical difficulties, and the 
sudden collapse of this animal was probably chiefly due to insufficient respiration. 
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We have already mentioned that the appearance of double curves 
during an experiment is not a constant phenomenon. Also that, having 
once appeared, they may disappear (and sometimes reappear) without 
material alteration in the conditions of the experiment. The total 
absence of double curves is illustrated in the following experiment. 


Cat 780. The blood pressure before the first occlusion was 117 mm. of mercury. 
Three excellent successive anemic rises were obtained on occlusion of the head 
arteries. After the third of these reactions the blood pressure fell rapidly and 
returned to a basal level of 54mm. On occlusion, at this level, a blood pressure 
rise of 36 mm. was elicited. Intravenous injection of Ringer was followed by a 
recovery of the blood pressure to 67 mm. and thereafter eight successive anemic 
rises were evoked, the height of the curve and the basal level of blood pressure 
diminishing with each successive reaction until a basal level of 46 mm. was 
reached. More Ringer was injected and the pressure mounted to 83 mm., and 
four more responses were evoked, the basal level of blood pressure falling gradu- 
ally to53 mm. Now an injection of Ringer with 0.005 mgm. adrenalin raised the 
basal level of pressure to 65mm. During the end of the Ringer-adrenalin injec- 
tion, before the blood pressure had descended quite to the stable level, an occlu- 
sion of the head arteries was performed, with only a small rise in the blood pres- 
sure resulting. Seven good rises, with successive occlusion, and an eighth 
smaller reaction followed. The pressure was again improved, by injecting 
Ringer, and rose from 54 to 84mm. Eleven very good blood-pressure reactions 
were now elicited. At this stage the abdomen was opened and both adrenals 
excised. The blood pressure fell to 44 mm. of mercury but was brought up to 
79mm. by injection of Ringer. This was followed by four successive responses 
to clipping of the head arteries. A total of thirty-nine anemic rises was elicited 
in this experiment, not one of the curves being double. Little can be deduced 
from this experiment with regard to the possible influence of the adrenals on 
this reaction, since adrenalectomy was performed, as an incidental procedure, 
late in the experiment. Out of five other cats that survived from six to ten 
responsive occlusions of the head arteries, two yielded double curves during the 
course of the experiments. In the others the curves were either of the usual type 
or occasionally with a dip presenting an M-shaped curve. 


The inconstancy in the appearance of the so-called “dissociated” 
curve, its total absence in many experiments, and especially the time 
relations of the appearance of the second rise, we believe, should render 
suspect the conclusion that the second rise is due to increased liberation 
of epinephrin from the adrenals. Nor indeed, does it appear that 
circulating epinephrin is an important factor in the vasomotor reaction 
to cerebral anemia, from the experiments in which adrenalin injections 
were made. The experiments which follow, especially those performed 
on animals that surv.ved operations for suppression or abolition of the 
epinephrin secretion of the adrenal glands, render untenable the view 
that epinephrin plays an important réle in this reaction. 
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In experiments involving acute suppression of adrenal secretion by 
ligation or excision of the glands, particularly when a vasomotor reaction 
is involved, in which the splanchnic nerves play an important part, it 
is necessary to keep in mind that, owing to the anatomical relations of 
the adrenals to important nerves and sympathetic ganglia, these 
procedures may frequently result in more profound disturbances than 
are usually recognized by many experimenters. For instance, it has 
been shown that certain reactions (acceleration of the denervated heart 
or volume changes in a denervated limb resulting from electrical stimu- 
lation of the central end of a large nerve trunk) may sometimes dis- 
appear when the adrenals are ligated or excised, but reappear, after a 
while, if too much damage has not been inflicted upon the animal 
during interference with the adrenal glands (11), (14). We have 
found the same to occur in studying the vasomotor reactions provoked 


by occlusion of the head arteries. 


Thus in cat 768 one occlusion was performed, resulting in a good anemic rise 
(fig. 6, 1 to 3). Ether was administered, the abdomen opened and each adrenal 
tied off with three ligatures, one occluding the lumbar vein close to the gland, 
another the adrenal vein near the junction with the cava and the third the adrena! 
artery. The blood pressure before the first occlusion was 162 mm. of mercury, 
and returned after release of the arteries to a basal level of 154mm. Ten minutes 
after ligation of the adrenals the blood pressure was 126 mm., and occlusion of 
the head arteries yielded no blood pressure response, (fig. 6, 5 to 7). Nine min- 
utes after the end of this observation the blood pressure was 105 mm. and occlu- 
sion of the head arteries was followed by an excellent blood pressure rise, the 
curve showing a tendency toward division (fig. 6, 8 to 10). This was followed by 
two more negative results on successive occlusions, then by one smaller anemic 
rise without division and another response in which the first part of the curve is 
double and this is followed by a third rise which is sustained during the rest of 
the comparatively long period of occlusion (fig. 6, 28 to 32). After an interval 
of 20 minutes seven more successive occlusions were performed. The first two 
of these yielded negative results, the next caused a gradual and appreciable 
elevation of the blood pressure and the others small but definite vasomotor reac- 
tions. Autopsy revealed that one vertebral (left) was not included in the liga- 
tures. Throughout this experiment, therefore, the vasomotor responses were 
the results of incomplete cerebral anemia. It is conceivable that the smaller 
responses obtained toward the end of the experiment might have been greater 
had the occlusion of the cerebral circulation been complete. Of course, it is not 
possible to estimate the extent to which the entire experiment was modified by 
the incompleteness of the anemia during the periods of occlusion. At the time 
that occlusion of the head arteries failed to evoke further vasomotor responses 
the blood pressure (108 mm.) was still quite sufficient to maintain functional 
activity of the bulbar centers. The experiment was terminated by clamping off 
the tube on the tracheal cannula and the resulting asphyxia caused the blood 
pressure to rise to 146 mm. before the final collapse (the adrenals were tied off). 
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A good asphyxial rise of blood pressure has been observed by us a number of 
times in cats after the epinephrin secretion from the adrenals had been greatly 
diminished or abolished, even after occlusion of the head arteries no longer 
elicited a vasomotor response. Gley and Quinquaud (16) have found no differ- 
ence in the asphyxial blood-pressure rise before and after adrenalectomy. The 
experiments of Anrep (10) and of Cathcart and Clark (17) cannot be interpreted 
as yielding any information on the rate of epinephrin secretion from the adrenals 
during asphyxia. Up to the present time there has been no good experimental 
evidence showing an increase in the rate of epinephrin secretion by asphyxia. 
Experiments with a quantitative method, permitting assay of the epinephrin 
secreted into the blood coming from the adrenals before and after asphyxia 
was induced, showed no change in the rate of epinephrin secretion during 
asphyxia (18) 


Fig. 6. Blood-pressure tracings from cat 768; 1-3, first (3 minutes) occlusion of 
head arteries (before ligation of adrenal veins); 5-7, second (1 minute) occlusion 
(10 minutes after tying off adrenals) ; 8-10, third (2 minutes) occlusion (19 minutes 
after tying off adrenals); 28-32, seventh (10 minutes) occlusion (part of descend- 
ing limb of curve between 3/ and 32 cut out). Base-line*moved up 65 mm. in 
1-3, 45 mm. in 5—7, 42 mm. in 8-10 and 40 mm. in 28-32, and the figure then re- 
duced to four-fifths. 


In another experiment (cat 800), the first four occlusions resulted in two small 
double curves and two single peaks (appearing like halves of the usual double 
curve) (fig. 7, 1 to 17). The blood pressure before the first occlusion was 94 mm, 
of mercury, and 84 mm. after the end of the fourth observation. The adrenals 
were tied off after the fourth occlusion (14 to 17 in fig. 7). The basal level of 
blood pressure after ligation of the adrenals was 81 mm., and one occlusion yielded 
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a double curve very much like 6 to 8 in figure 7, and two other responses without 
division of the curves. Injection of Ringer brought the blood pressure up to 
92 mm., and one occlusion yielded a curve tending toward division (3/ to 32 in 
fig. 7). A second injection of Ringer brought the blood pressure up to 102 mn 

Five very good anemic rises were now elicited on successive occlusions of the 
head arteries (37 to 40 and 42 to 45 in fig.7). At the end of these observations the 


basal level of the blood pressure was 58 mm. of mercury. Another injection of 
Ringer brought the pressure up to 80 mm. Thereafter fifty-one responses were 
obtained on occluding the head arteries, some yielding ordinary curves, others 
M shaped and a number with more or less complete division into nearly equal 
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Fig. 7. Blood-pressure tracings from cat 800; 1-4, first (43 seconds) occlusion 
of head arteries; 5-8, second (64 seconds) occlusion; 9-11, third (56 seconds) 
occlusion; 14-17, fourth (75 seconds) occlusion; 31/-33, eighth (62 seconds) occlu- 
sion (35 minutes after double ligation of adrenals and 6 minutes after Ringer 
injection); 37-40, ninth (40 seconds) occlusion (after more Ringer); 42-44, tenth 
(69 seconds) occlusion. Base-line moved up 30 mm. in all tracings in the upper 
row and 27 mm. in the lower row, and the figure then reduced to three-fourths 


halves. Ringer was again injected during this run of responses. After this series 
of reactions, adrenalin was injected but it caused only a transient rise in blood 
pressure and on injection of more Ringer, only one more definite reaction was 
evoked. 
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We have previously indicated that, in our experience, the level to 
which the blood pressure returns when the cerebral circulation is 
reéstablished, after a period of occlusion of the head arteries, is the most 
reliable index of the degree of recovery of the bulbar centers. It need 
scarcely be pointed out that the recovery of all of the bulbar and 
cerebral centers is conditioned upon the return of blood pressure to a 
level sufficient to maintain functional activity in these structures. We 
have repeatedly observed that in the course of an experiment, if any 
one period of occlusion is permitted to run somewhat longer than the 
time necessary for eliciting the usual cycle of phenomena in that animal, 
the number and the effectiveness of the succeeding anemic responses are 
limited. The later, in the course of the experiment, that this happens, 
the more likely is complete collapse of the animal to occur, since return of 
the blood pressure to an effective level is not so readily accomplished 
under these conditions. We have found, however, in most of our 
experiments, that when the blood pressure finally fails to return to an 
effective level it is usually possible to effect a recovery of the circulatory 
mechanism by elevating the pressure with the aid of physiological salt 
or Ringer’s solution. This is in harmony with the observations of 
Pike, Guthrie and Stewart (2). 

In a complete experiment carried out in the manner previously 
described, the blood pressure, in the first few observations, returns after 
each succeeding period of cerebral anemia to about the same basal 
level. Thereafter, release of the head arteries, after each period of 
occlusion, isfollowed by return of the blood pressure to a somewhat lower 
level than in the preceding observation. This gradual decline of the 
basal level of blood pressure progresses with each successive period of 
cerebral anemia until a level is reached which is not sufficient to permit 
bulbar recovery. At this stage a comparatively long period of rest may 
sometimes result in more or less recovery of the vasomotor center. 
But if no artificial means of resuscitation of the bulbar structures is 
resorted to, the pressure usually continues to fall rapidly and complete 
collapse of the animal takes place. 

The number of occlusions that a given animal can withstand is, to a 
considerable extent, dependent upon the maintenance of blood pressure 
at a level well above spinal pressure, which in the cat lies, on the average, 
between 50 mm. and 60 mm. of mercury (1), (19). The level at which 
the blood pressure must be maintained in order to permit a long series 
of repeated occlusions varies with the individual animal. As the basal 
level of blood pressure, in an experiment, reached or approached spinal 
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pressure, we have usually resorted to intravenous administration of 
Ringer’s solution to improve the condition of the circulation. In this 
manner it has generally been possible to maintain good pressure for 
long periods, and by repeating the injection from time to time, as the 
basal level of pressure declined, it has been possible to elicit a very 
large number of vasomotor responses to repeated successive occlusions 
of the head arteries. Whenever it was found that the injection of 
Ringer’s solution resulted only in a transient elevation of blood pressure, 
we have employed, in addition to the Ringer, some adrenalin. It has 
been observed by us that often the added adrenalin maintains the 
blood pressure at a higher level than Ringer alone and for a longer 
period, thus improving the bulbar circulation-sufficiently to permit 
recovery. In most of our experiments we employed repeated injections 
of Ringer’s solution, when necessary, until this no longer resulted in a 
sustained elevation of blood pressure, then we resorted to adrenalin in 
addition to the Ringer. The amount of Ringer introduced, in cats, was 
usually about 50 cc. Adrenalin was used in doses of 0.005 mgm. to 
0.01 mgm., diluted with 25 to 50 cc. of Ringer or physiological salt 
solution. In rabbits, half of the above mentioned amounts was usually 
employed. 

It has previously been mentioned that occasionally a cat may fail to 
show symptoms of complete cerebral anemia, on occlusion of the head 
arteries, during the first few observations but, as the experiment 
proceeds, the usual phenomena are developed in the succeeding observa- 
tions. The following experiment serves to illustrate this point. 


Cat 802. Beginning with a blood pressure of 120 mm. of mercury the first 
four successive occlusions of the head arteries yielded curves of the usual type, 
but complete failure of the bulbar centers was not induced, the corneal reflex 
and respiratory gaspshbeing present throughout the period of occlusion, although 
in two of the occlusions the periods were nearly twice as long as usually practiced. 
The next four observations showed gradually increasing severity of the symptoms 
(disappearance of respiration and corneal reflex), with each successive occlusion, 
pointing to more complete submergence of the bulbar centers. It was verified 
at autopsy that all of the head arteries were included in the ligatures. After the 
end of the eighth occlusion the basal level of blood pressure was 72mm. It was 
of interest to know whether, at this time, an increase in the systemic blood pres- 
sure would result in sufficient blood reaching the upper part of the cord during 
an occlusion period to again exhibit symptoms of incomplete cerebral anemia. 
Ringer was injected and the blood pressure brought up to 108 mm. On repeated 
occlusion of the head arteries four large vasomotor responses were obtained. 
During the first of these the corneal reflex and respiratory gasps were present, 
the others indicated complete failure of the bulbar centers during the occlusions. 


Fig. 8. Blood-pressure tracings from cat 802; 22-24, explained in text; 48-51, 
twelfth (2} minutes) occlusion of head arteries (just before excision of both 
adrenals); 70-72, sixteenth (2? minutes) occlusion (35 minutes after double 
adrenalectomy and just after Ringer injection); 83-85, eighteenth (2 minutes) 
occlusion (1 hour and 20 minutes) after adrenalectomy. Base-line moved up 
11 mm. in 22-24 and 25 mm. in each of the other tracings, and the figure then 
reduced to two-thirds. 


Fig. 9. Blood-pressure tracings from cat 802; 54-57, thirteenth (67 seconds) 
occlusion of head arteries (just after excision of both adrenals) ; 61-64, fourteenth 
(1 minute) occlusion (after Ringer injection); 65-67, (56 seconds) occlusion; 
76-78, seventeenth (1} minutes) occlusion (after another Ringer injection). 
Base-line moved up 22 mm. in 54-57, 25 mm. in 6/-€4, 18 mm. in 65-67 and 20 mm. 
in 76-78. 
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The first three curves were of the ordinary type, the fourth presented a large 


second peak (fig. 8, 48 to 51). The adrenal glands were now excised, extraperi- 
toneally, through lumbar incisions. The basal level of blood pressure was 82mm. 
of mercury before and 74 mm. after adrenalectomy. Immediately after adre- 
nalectomy, occlusion of the head arteries yielded the first double curve obtained 
in this experiment (fig. 9, 54 to 57). Injection of Ringer raised the blood pressure 
to 106 mm., and two more double curves were elicited, the first being much larger 
than the second (fig. 9, 61 to 64 and 65 to 67). Another Ringer injection was 
followed, on occlusion of the head arteries, by one curve without division (fig. 8, 
70 to 72) and another very good double curve (fig. 9, 76 to 78). Ringer was again 
injected and an excellent anemic rise was obtained, on occluding the head arteries, 
with no tendency of the curve to divide (fig. 8, 83 to 85). This observation was 
followed by three others in which smaller anemic rises were elicited, one double 
and two ordinary curves being obtained. The basal level of blood pressure had 
gradually descended until at the end of these observations it reached 48 mm. 
of mercury. No further attempt was made to improve the pressure by injection 
of Ringer’s solution. Altogether, twelve good responses were elicited before 
excision of the adrenals, none of which gave double curves. After adrenalectomy 
nine more responses were elicited in six of which double curves were obtained. 

In the earlier part of the experiment (shortly after the fourth occlusion) an 
observation was made in which the clamp, on the right side, was adjusted too 
far down and was placed on the innominate. This caused a fall in the pressure 
curve due to the back flow of citrate solution from the cannula in the left carotid. 
Winkin observed anomalous curves, exhibiting a fall in blood pressure in a com- 
paratively large number of experiments (8 out of 60). A large drop in blood 
pressure on clipping off the head arteries was seen by us twice in forty-five experi- 
ments. So long as the innominate was occuded as well as the left subclavian 
(proximal to the origin of the vertebral) the pressure remained low until the 
arteries were released. It occurred to us that since, occasionally, the left verte- 
bral may be overlooked through mistaking the truncus thyreo-cervicalis for the 
vertebral, as pointed out by Stewart, Guthrie, Burns and Pike (1), occlusion of 
the left subclavian, in such a case might permit sufficient circulation to record 
a rise after the fall in pressure when the occlusion on the right side is made 
proximal to the origin of the left carotid. We put this idea to test, in this experi- 
ment, by occluding the innominate, and the left subclavian distal to the origin 
of the vertebral and obtained a curve very similar to the anomalous curve de- 
scribed by Mrs. Winkin (22 to 24 in fig. 8). Several similar curves were 
obtained in this and other experiments by repeating the procedure above 
described. 


Experiments on animals that survived adrenal operations: Rabbits. 
Any one who has done much work on the adrenals, involving suppression 
or abolition of their function, will at once recognize the fact that acute 
extirpation or mass ligation of these glands must be considered, in a 
physiological sense, at least, as a major surgical procedure. Whenever, 
therefore, it is desired to make observations on the effect of interference 
with the adrenals on any physiological phenomenon, more reliable 
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information can often be obtained with animals that have been pre- 
viously operated upon and permitted to fully recover from the im- 
mediate effects of the operation. The interpretation of any experi- 
mental phenomenon obtained after acute interference with the adrenal 
glands must be made with caution and unless the result can be verified 
in survival animals, it should be considered with suspicion. 

Complete suppression of function of the adrenal glands can be ac- 
complished, by double extirpation, in rabbits. A large percentage of 
rabbits survive, indefinitely, the removal of both glands, the number 
of survivals being greater if an interval is allowed to elapse after one 
gland is removed before excising the remaining adrenal. Extirpation 
of the gland was nearly always accomplished extraperitoneally through 
a lumbar incision. When repeated successive occlusions of the head 
arteries are made on these animals, the number of vasomotor responses 
or the character of the blood pressure curves elicited is not different 
from what is ordinarily obtained in unoperated rabbits. 


In one experiment (rabbit 770), one adrenal had been excised a week prior to 
the date of the experiment. Three occlusions yielded small blood pressure rises. 
On examination it was found that the left vertebral had not been included in the 
ligature. The ligature was made to include this artery and the following occlu- 
sion gave an excellent anemic rise (/3 to 17 in fig. 10). The vagi were cut, in 
the neck, and the remaining adrenal excised. The blood pressure fell from 
70 mm. to 52mm. Injection of Ringer brought the pressure up to 74mm. Re- 
peated occlusion of the head arteries now yielded nine successive anemic rises 
of blood pressure (29 to 32 in fig. 10), the basal level of pressure gradually de- 
scending after each observation until it reached 40 mm. after the ninth occlusion. 
Twenty-five cubic centimeters of Ringer containing 0.002 mgm. of adrenalin 
was injected and the blood pressure mounted rapidly to 142 mm., then gradually 
descended to 118 mm., at which level an occlusion of the head arteries caused a 
rise of pressure to 138 mm., with return to a basal level of 69mm. The following 
occlusion resulted in a rise to 130mm. In another pair of curves obtained in the 
same manner (fig. 10, 141 to 148) it was again seen that an occlusion made before 
the pressure had finally settled down, after Ringer-adrenalin injection, caused a 
rise in pressure reaching about the same maximum height as the next succeeding 
anemic response. A total of seventy-four responses was got in this experiment 
with the aid of Ringer or adrenalin in Ringer injected from time to time. None 
of the curves were double although a number of them presented a dip making 
them M-shaped (fig. 10, 131 to 134). Each time that the blood pressure was 
improved by Ringer or adrenalin injection the responses immediately following 
the injection were greater than those, starting from a lower basal level of pres- 
sure, before the injection (fig. 10, 273 to 275 and 286 to 287). 

In rabbit 794, the right adrenal was excised 32 days and the left 20 days prior 
to the date of the experiment. The animal had not yet regained its former 
weight. An anomaly was observed in the origin of the left vertebral artery, 
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which arose directly from the arch of the aorta. More than the ordinary degree 
of manipulative trauma was necessary in order to isolate the left vertebral, and 
in the first occlusion it had been omitted. When it was finally included with 
the other arteries, the blood pressure had fallen to 32 mm. of mercury. The first 
oct usion yielded only a small rise in blood pressure, but the second response was 
excellent although just before occluding the head arteries the blood pressure 
was only 38 mm. of mercury. After the release of the head arteries the blood 
pressure returned, after the usual drop, to 64 mm., and thereafter the basal 
pressure was maintained at nearly the same level until just before the last obser- 
vation. Seven good anemic rises were obtained with successive occlusions of 


Fig. 10. Blood-pressure tracings from rabbit 770; 13-17, fourth (1 minute 
occlusion of head arteries (before excision of remaining adrenal); 29-32, sixth 
(1 minute) occlusion (19 minutes after excision of remaining adrenal); 126-129 
and 131-134, twenty-ninth and thirtieth (40 seconds) occlusions (before an injec- 
tion of adrenalin-Ringer); 141-144, thirty-second (45 seconds) occlusion (just 
after adrenalin-Ringer; 145-148, thirty-third (45 seconds) occlusion (3 minutes 
after adrenalin-Ringer injection); 273-275, sixty-ninth (30 seconds) occlusion 
(before Ringer injection); 286-287, seventy-fourth (30 seconds) occlusion (after 
Ringer). Base-line moved up 15 mm. in 13-17 and 29-32, 7 mm. in 126-129, 6 mm 


in 131-134, 20 mm. in 14/-148, 8 mm. in 273-275 and 10 mm. in 286-287 and the 
figure then reduced to three-fourths. 
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the head arteries. The first three curves were of the ordinary type (/4 to 18 in 
fig. 11), two were double curves (23 to 26 in fig. 11) and the last two tending toward 
division, the second elevation being smaller than the first. The blood pressure 


Fig. 11. Blood-pressure tracings from rabbit 794; 14-18, fourth (80 seconds) 
occlusion of head arteries; 23-26, sixth (84 seconds) occlusion. Base-line moved 
up 23 mm. 


before the last occlusion was 46 mm., and after release of the head arteries re- 
turned to the same level. Shortly after the end of this observation the animal 
suddenly collapsed, spontaneous breathing ceased, the corneal reflex disappeared 
and blood pressure fell permanently to a very low level. Injection of Ringer and 
adrenalin caused only transient recovery of the pressure. We have already 
mentioned the possibility ef thrombus formation being responsible for such sud- 
den collapse of a rabbit. 


Fig. 12. Blood-pressure tracings from rabbit 797; 2-4, first (34 seconds) oeclu- 
sion of head arteries; 37-40, eighth (74 seconds) occlusion. Base-line moved 
up 25 mm. 
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In another rabbit (797), the right adrenal had been excised 33 days, and the 
left 21 days prior to the date of the experiment. The animal had fully regained 
its former weight. The blood pressure before the first occlusion was 78 mm. of 
mercury. A number of the blood pressure curves were M-shaped, and others 
showed a tendency toward division, a small second rise appearing about half-way 
down the descending limb of the curve (fig. 12). Fourteen excellent vasomotor 
responses were elicited on successive occlusions of the head arteries. The blood 
pressure before the fourteenth observation was 54 mm. of mercury, and returned 
after release of the head arteries to 33 mm. After this observation, the ligatures 
were accidentally jerked, the left vertebral artery was torn and the experiment 
was terminated. 


These experiments indicate clearly that, in the rabbit, complete 
suppression of function of the suprarenal glands by bilateral extirpation, 
does not cause any detectable alteration in the vasomotor reactions to 
cerebral anemia. The ordinary average number of blood pressure 
responses can be obtained, as well as the so-called “‘dissociation”’ or 
“double” curves. 

Cats. It is well known that cats do not survive bilateral extirpation 
of the adrenals. It is, however, possible to greatly diminish or abolish 
secretion of epinephrin from the glands (20), (21) by excision of one 
gland and denervation of the other, with or without destruction of the 
major portion of the remaining gland. It is obvious that if epinephrin 
from the adrenals is in any way essential for the phenomena elicited by 
occluding the head arteries there should be a material difference be- 
tween the results obtained on normal cats and cats operated in the 
manner described above. From the following experiments it will be 
seen that there is no significant difference, in the average number or the 
character of the vasomotor responses, between these cats and un- 
operated animals. 


In cat 782, the right adrenal and two-fifths of the left gland were excised, the 
remaining portion denervated and its medulla curetted out, 9 days prior to the 
date of the experiment. The cat had not yet fully regained its former weight. 
Beginning at a blood pressure of 102 mm. of mercury, twelve successive occlu- 
sions of the head arteries were made. The first two vasomotor responses were 
comparatively small but the following ten were excellent (20 to 26 in fig. 13), 
the seventh and ninth being double curves (fig. 13, 38 to 41). The basal level of 
pressure declined after each successive occlusion, reaching 40 mm. after the 
twelfth. Injection of Ringer raised the pressure to 93 mm., and four successive 
anemic rises were elicited, yielding curves of the ordinary type, the basal level 
of pressure falling to 36 mm. after the last observation. More Ringer was in- 
jected, the blood pressure rose to 110 mm., and five successive anemic rises with 
ordinary curves were obtained (fig. 13, 91 to 94). The vagi were now cut, and 
two successive occlusions yielded good anemic rises of pressure, the first curve 
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Fig. 13. Blood-pressure tracings from cat 782; 20-25, fifth (85 seconds) occlu- 
sion of head arteries; 38—4/, ninth (2 minutes) occlusion; 9/—94, nineteenth (54 sec- 
onds) occlusion (after Ringer); 113-116, twenty-fourth (70 seconds) occlusion 
(after double vagotomy). Base-line moved up 40 mm. in 20-25, 30 mm. in 38-41 
and 91-94 and 19 mm. in 113-116 and the figure then reduced to three-fifths. 


Fig. 14. Blood-pressure tracings from cat 777; 7-10, third (1 minute) occlusion 
of head arteries; 20-22, sixth (1 minute) occlusion; 23-26, seventh (1 minute) 
occlusion; 42-45, eleventh (14 minutes) occlusion (8 minutes after Ringer); 
75-77, seventeenth (14 minutes) occlusion (15 minutes after another Ringer 
Base-line moved up 50 mm. in 7-10, 38 mm. in 20-22, 30 mm. in 
23-26 and 42-46 and 20 mm. in 75-77 and the figure then reduced to three-fourths. 
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being double, the other not (fig. 13, 113 to 116). Another Ringer injection was 
followed by two good responses on repeated occlusion of the head arteries. In 
venous injection of 0.01 mgm. of adrenalin improved the blood pressure 
only a small anemic rise was elicited. After another Ringer injection, the blood 
pressure did not improve, but two fair anemic rises were elicited on occluding 
the head arteries. 

In another cat (777), the right adrenal and one-fourth of the left gland were 
excised; the medulla of the remaining portion was curetted out and the fragment 
denervated by complete extirpation of the left coeliac ganglion, 3 weeks prior 
to the date of the experiment. The cat had gained in weight (over 250 grams 
The blood pressure before the first occlusion of the head arteries was 139 mm 
of mercury. On repeated occlusion, eight successive vasomotor responses were 
elicited (7 to 10 and 20 to 22 in fig. 14) with double blood pressure curves in the 
fourth, fifth, seventh and eighth (23 to 26 in fig. 14). The basal level of pressure 
declined gradually, after each successive occlusion, until, after the eighth obser- 
vation, it reached 63 mm., when two occlusions were without effect. Ringer 


tra- 


was injected and the blood pressure rose to 88 mm., after the end of injection. 
The corneal reflex, which had been absent since the beginning of the eighth 
occlusion, now returned and an occlusion gave a good response with a double 
curve, the blood pressure at the division falling below the initial level in this 
observation (fig. 14, 42 to 45). A similar fall of pressure below the initial level 
was seen in observation 74 to 77, figure 14. The basal level of pressure after 
this observation returned to 88 mm., but after an interval of 10 minutes it as- 
cended to 152 mm., and an active corneal reflex and spontaneous respirations 
were present. Four anemic responses were now elicited, all of the curves showing 
well-marked division. Another injection of Ringer was followed by three smaller 
anemic rises with curves presenting a double contour (fig. 14, 75 to 77). Ringer 
containing 0.01 mgm. of adrenalin was now injected, and an occlusion of the head 
arteries yielded a good anemic rise from a basal level of 156 mm. of mercury 
before occlusion, falling to 115 mm. after the release of the arteries, the curve 
presenting a second small rise. This was followed by two negative observations. 
Ringer was again injected, and three occlusions yielded two fair responses and 
one smaller one, all of the curves presenting a double contour. 

In cat 801, the right adrenal and two-fifths of the left gland were excised and 
the remaining portion denervated one month prior to the date of the experiment. 
The cat had not yet regained its former weight. The blood pressure before the 
first occlusion was 98 mm. of mercury. Eight very good vasomotor responses 
were obtained by repeated successive occlusions of the head arteries (fig. 15). 
The first two curves were of the ordinary type, the third presented a large second 
peak and the seventh showed a double contour. The basal level of blood pressure 
before the eighth occiusion was 80 mm., and fell after this observation to 46 mm. 
Injection of Ringer and adrenalin failed to cause a sustained improvement in 
the blood pressure and repeated occlusion of the head arteries thereafter yielded 
three smaller responses, in one of which the curve was double. 

In cat 771, the right adrenal and two-thirds of the left gland were excised and 
the remaining fragment denervated, 2 weeks prior to the date of the experiment. 
The animal had gained in weight (250 grams). Three periods of cerebral anemia 
ranging from 2 to 4 minutes each yielded very good vasomotor responses. In 


Fig. 15. Blood-pressure tracings from cat 801; 9-12, third (88 seconds) occlu- 
sion of head arteries; 20-24, fifth (86 seconds) occlusion; 31-35, seventh (55 sec- 
onds) occlusion. Base-line moved up 48 mm. in 9-12, 30 mm. in 20-24 and 25 mm. 
in 3!-35 and the figure then reduced to three-fourths. 
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Fig. 16. Blood-pressure tracings from cat 771; /—4, first (2} minutes) occlusion 
of head arteries; 25-27, fifth (2} minutes) occlusion (before Ringer) ; 34-36, seventh 
(2} minutes) occlusion (after Ringer); 5/-53, ninth (2} minutes) occlusion (after 
more Ringer). Base-line moved up 40 mm. in /—4 and 25 mm. in 34-36 and 51-53 
and the figure then reduced to three-fourths. 
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the first curve the vagus dip appeared early and caused the pressure to return 
to the basal level before the larger rise appeared (/ to 4 in fig. 16). The second 
curve presented a marked tendency toward division, and the third (4 minutes 
occlusion) was of the ordinary type. The blood pressure at the beginning was 
90 mm. of mercury. With each observation the pressure returned to a somewhat 
higher level until at the end of the third observation it reached 116 mm. After 
13 minutes the corneal reflex and spontaneous respiration were still absent and 
the blood pressure was at the same level. An occlusion, at this time, caused only 
a gradual descent of the blood pressure to54mm. Eight minutes after the release 
of the head arteries, in this observation, the basal level of pressure was 50 mm 

corneal reflex and respiration still absent, and an occlusion yielded a good vaso- 


Fig. 17. Blood-pressure tracings from cat 799; /—4, first (30 seconds) occlusicn 
of head arteries; 13-15, second (47 seconds) occlusion (after Ringer); 27-30, fifth 
(50 seconds) occlusion; 39-42, eighth (65 seconds) occlusion; 94-96, sixteenth 
(35 seconds) occlusion (after adrenalin-Ringer); 109-111, twentieth (35 seconds 
occlusion (after more adrenalin-Ringer). Base-line moved up 25 mm. in 13-16 
and 27-31, 22 mm. in 39-42, 94-96 and 109-111. 


motor reaction (25 to 27 in fig. 16); another occlusion following this was without 
effect. The corneal reflex and spontaneous respiration did not return, nor were 
they at any time present throughout the rest of the experiment. Ringer was 
injected, the blood pressure rose to 67 mm. and two successive occlusions gave 
very good responses (fig. 16, 34 to 36). With the aid of two more Ringer injections 
nine responses were further elicited on repeated successive occlusions, the curves 
being of the ordinary type and diminishing in height with each successive re- 
sponse. One of these (fig. 16, 51 to 53) was followed, about a minute after release 
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of the head arteries, by a large spontaneous second rise after the pressure had 
fallen to nearly the same level from which it had risen. Intravenous injection 
of adrenalin caused only a transient rise in blood pressure, and no further re- 


sponses were elicited. 


Fig. 18. Blood-pressure tracings from cat 779; /—4, first (1 minute) occlusion 
of head arteries; 7-11, second (1; minutes) occlusion (with vein of remaining 
adrenal clipped); 14-18, third (1} minutes) occlusion (1 minute after excision 
of remaining adrenal). Base-line moved up 60 mm. in /—4, 40 mm. in 7—/2 and 
37 mm. in 14-18 and the figure then reduced to two-thirds. 


In cat 799, the right adrenal and one- 
third of the left gland were excised and the 
remaining portion denervated 22 days prior 
to the date of the experiment. The cat 
had not yet regained its previous weight. 
In this animal some difficulty was encoun- 
tered in the isolation of the head arteries. 
The excessive manipulations resulted in a 
very low blood pressure, 45 mm. of mercury, 
before the first occlusion, which yielded 
only a negligible rise (/ to 4 in fig. 17). 
Ringer was injected and the vagi sectioned, 
inthe neck. The blood pressure rose slowly 
to 73 mm. Successive occlusions of the 
head arteries yielded twelve blood pressure 
responses (fig. 17, obs. 13 to 42), some of 
the curves tending toward division, one 
showing fairly well-marked double contour. 
Another injection of Ringer failed to raise 
the basal level of blood pressure from 46 


Fig. 19. Blood-pressure tracing 
from cat 779; 32-36, seventh (52 
seconds) occlusion of head arter- 
ies (37 minutes after excising the 
remaining adrenal). Base-line 
moved up 16 mm. 


mm., and an occlusion resulted in a curve similar to the first one obtained in this 
experiment. Adrenalin (0.01 mgm. in Ringer) was injected, the pressure rose to 


68 mm., and four vasomotor responses were elicited with successive occlusions 
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of the head arteries (fig. 17, obs. 94 to 96). Another injection of adrenalin in 
Ringer again improved the blood pressure, and two more responses were elicited 
(fig. 17, 109 to 111 

In cat 779 the right adrenal was excised 19 days prior to the date of the experi- 
ment. The animal had fully regained its previous weight. After eliciting an 
excellent response on occlusion of the head arteries, the abdomen was opened 
and the vein of the remaining adrenal clipped. Another occlusion yielded a 
somewhat higher blood pressure rise than the preceding one. The remaining 
adrenal was then excised and the next occlusion caused a higher rise than either 
of the two preceding observations (fig. 18). Two more similar responses were 
obtained without division of the curves and another curve with double contour. 
The basal level of blood pressure was gradually becoming lower, reaching 65 mm. 
of mercury, when occlusion of the head arteries resulted in a smaller rise of blood 
pressure, presenting a double curve (fig. 19). The basal level of pressure after 
this observation had fallen to 40 mm. Injection of Ringer brought it up to 
66 mm., and another occlusion caused a small rise in pressure with no division 
of the curve. 


We believe that the results obtained, in our experiments, warrant the 
conclusion that there is no foundation for the idea that the vasomotor 
effects brought about by occluding the head arteries are, in any way, 
dependent upon epinephrin secretion from the adrenals. 


SUMMARY 


1. We have investigated the supposed relation of the adrenal glands 
to the vasomotor phenomena brought about by cerebral anemia induced 
by occluding the head arteries for short periods. Experiments were 
made on normal animals and on animals when 

1, the adrenal glands were tied off, or excised during an acute 
experiment; 

2, the adrenal veins were clipped; 

3, the remaining adrenal was excised (one having been previously 
excised and the animal allowed to recover) ; 

4, one adrenal was excised and the other denervated (and the medulla 
of it curetted out or a large part of the remaining gland excised in addi- 
tion to denervation) and the animal allowed to recover; 

5, both adrenals were excised (rabbit) and the animal allowed to 
recover. In cases 3, 4 and 5 the operations were performed from 9 
days to a month prior to the date of the experiment. 

2. The number of vasomotor responses to cerebral anemia that can 
be elicited in an animal depends greatly upon the basal level of blood 
pressure that is maintained in the intervals between occlusions of the 
head arteries. 

3. When the basal level of blood pressure approaches or reaches spinal 
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level, and occlusion of the head arteries fails to elicit a vasomotor re- 
sponse, it is possible to improve the condition of the bulbar centers by 
elevating the blood pressure through intravenous injection of Ringer’s 
solution, and again to obtain the usual response to cerebral anemia. 
This can, frequently, be successfully repeated a number of times in the 
course of an experiment. 

4. The so-called “dissociation” or ‘double’ curve is not a constant 
phenomenon, It may appear and disappear (and again reappear) at 
various periods in the course of an experiment, or it may be entirely 
absent. 

5. There is no significant difference, in the ordinary average number 
and the usual character of the responses to occlusion of the head arteries, 
between normal animals and animals in which the epinephrin secretion 
is interfered with by ligating, excising or clipping off the adrenals in 
acute experiments, or that have survived operations for interference 
with epinephrin secretion. The so-called “dissociation” or ‘ double” 
curve is elicited as frequently after interference with epinephrin secretion 
as in normal animals. 

It is evident, therefore, that ‘‘adrenal activity’ (epinephrin secretion) 
is not necessary for eliciting any of the vasomotor effects which result 
from acute cerebral anemia. 
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This investigation was undertaken with the purpose of determining 
whether yeast when taken under controlled conditions has a true laxa- 
tive action. The literature of the subject is conflicting. Some authors 
have reported excellent results with yeast for relief of constipation while 
others have found it equally efficacious in controlling diarrhea. A brief 
review of these opinions will suffice. 

Herbomez (1) states that it is a current opinion in the north of 
France that brewer’s yeast is an excellent ‘dépuratif.’”” Numerous 
cases personally known to him, he says, could be cited of farmers who 
supply their own needs. As soon as fermentation is well established 
in the vats, they use the yeast as a good purgative. He also quotes the 
opinion of Doctor Dalché who says that in simple constipation yeast 
(brewer’s) may replace other remedies such as milk of magnesia, castor 
oil, ete. ‘‘Alors, les selles se regularisent; le tympanisme diminue, le 
ballonement stomacal qu’éprouvent en general les personnes constipés 
disparait. Avee cela, la cephalés est moins forte, les digestions moins 
laboriouses et la langue prend un aspect moins mauvais et la fétidité 
de Vhaleine s’atténue.”’ 

Faisans (2) and Roos (3) the same year quite independently recom- 
mended the use of yeast as a corrective of alimentary disorders. 
Curiously enough while Roos, like Dalché quoted above, found its 
greatest usefulness in constipation, Faison was impressed with its 
power to subdue diarrhea. “I have been struck,” he says, “‘with the 
facility with which the coated tongue, lack of appetite and diarrhe: 
clear up by the employment of brewer’s yeast and I have satisfied 
myself that the results were really due to the yeast; for if one leaves 
off using it for two or three days the digestive troubles recur with even 
greater intensity.’’ Thiercelin and Chevrey (4) also report several 
cases of diarrhea (enteritis) in infants which were suppressed by the use 
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of yeast, and Caillau (5) adds to these many cases (acute enteritis, 
dysentery, typhoid fever, etc.) from his own observations where there 
was benefit from the administration of yeast by the rectal tube. He 
admits his inability to explain the improvement but thinks it is in the 
nature of an antiseptic effect. This recalls the fact that McClintock, 
Novy and Vaughan (6) several years ago drew attention to the germi- 
cidal action of the nucleins—a class of proteins abundantly represented 
in yeast. Evidence for the digestion of yeast with possible liberation 
of nucleins in the alimentary tract will be considered in a later section. 
Here it may be added only that there is no doubt about the ability of 
yeast to survive the stomach. Neumeyer (7) and Haillon (8) proved 
that it is not killed by acidities equal to that of human gastric juice; 
in fact that it can withstand submersion in human gastric juice for 
24 hours. Beylot (9) followed yeast in its course through the small 
intestine and was convinced that an alkalinity equal to that of bile or 
pancreatic juice could not suspend its fermentative action. 

Funk, Lyle and MecCaskey (10), in experiments on human subjects 
designed to show the adequacy of yeast protein for maintenance of 
nitrogen equilibrium, and where as a consequence yeast (dried yeast) 
in large quantities was consumed, found that the bowels moved with 
regularity and no diarrhea occurred. 

More recently, Hawk et al. (11) have reported some poorly controlled 
observations on the effect of yeast in constipation and enumerated ten 
cases, nine of whom were improved, one being aggravated, by taking 
compressed yeast. Hawk believed that yeast retained its laxative 
power even after being killed by boiling water. Later, Hawk, Smith 
and Holder (12) studied the influence of baker’s yeast as a source of 
protein on human subjects and noted incidentally that the feces were 
softer and bulkier during the yeast period than during a control period 
when no yeast was taken. 

Reeves (13) reports six cases of constipation treated with yeast, of 
whom four were cured and two improved. Smith (14) kept several 
subjects for four weeks on a purin-free diet of bread, milk and cheese 
which for them was distinctly constipating so long as it was continued 
without yeast; but when yeast was taken with it the condition was 
relieved. On the basis of these and other clinical observations yeast is 
often recommended as a laxative by medical textbooks (15), (16). 

Several investigators (17), (18), (19) of the influence of yeast in the 
feeding of infants, some normal, some ill with intestinal disorders, 
have reached the conclusion that yeast even in small quantities either 
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produced diarrhea or did not correct this condition where it already 


existed. 

What is a laxative? By ‘‘true laxative effect” in this investigation 
is meant an easier or more complete evacuation of the lower bowel. More 
frequent evacuation or more frequent sensation of the desire to defecate 
due to accumulation of gas, in the absence of both features just men- 
tioned, are excluded. If a drug or food moves the bowel contents earlier 
in the process of absorption than they would move unaided, the stool 
should contain more moisture and this alteration alone would induce 
an easier evacuation. Increased moisture by attraction of water from 
the circulation or by prevention of absorption, as in the case of purgative 
salts, would likewise produce an easier evacuation. Any alimentary 
agent which produces a bulkier evacuation—more voluminous stool 
—as in the case of agar, may on this account, quite independently 
of the percentage of water in the stool, be considered a laxative on 
account of more complete discharge of the bowel contents. 

It is quite conceivable that the agent under consideration is merely 
an indigestible or only partly digestible food in the average case. In 
this event bulk would be increased and the bowel stimulated to greater 
peristaltic action by the solid mass itself. Again, since yeast can sur- 
vive the alimentary secretions (see above) and after ingestion in even 
small doses can be found alive in the stool, it is certain that with abun- 
dance of carbohydrate in the food it can produce its characteristic 
fermentative action in the bowel and the resulting gas by distention 
may induce increased peristalsis. Should the yeast be digested com- 
pletely or in large part there might well be an actual decrease in the 
elimination of solids because of the fermentative action. A true laxative 
action in this case could be made out only by the presence of more water 
in stools of the same or greater weight than were excreted on the same 
diet without yeast. 

Still another possibility exists. Without any demonstrable effect 
on peristalsis, yeast or some constituent of the cells might induce 
greater secretion of the alimentary juices. This is an important con- 
sideration; for a large part, indeed a major part, of all normal stools 
is derived from the digestive secretions. Proof of this is found in the 
fact that feces from a diet containing a great deal of meat are identical 
in chemical composition with those produced by a diet consisting almost 
exclusively of starch (e.g., rice or potatoes) (20). 

One other well-established fact should be borne in mind; namely, 
that a large part of the nitrogenous matter in the stool (40 to 62 per 


78 JOHN R. MURLIN AND HENRY A. MATTILL 


cent, according to circumstances) is made up of live or dead bacteria 

(21). Beneficial effects of an alimentary substance might well result 
from a change in the number or character of the bacteria quite inde- 
pendently of a true laxative effect. The bacterial effects of yeast do 
not lie within the scope of this investigation. Closely related to this 
topic, however, is that of the elimination of chemical substances pro- 
duced by fecal bacteria, such as the phenols. A separate section will 
be devoted to this aspect of the question of laxative effect. 

To determine a true laxative effect it is necessary to make the obser- 
vations strictly objective. Testimonies no doubt abound with reference 
to the laxative effect of yeast. It is conceivable that many of these are 
based upon sensations of the desire to defecate, caused by distention 
rather than upon real results. Moreover, it is well known that defe- 
cation is often purely psychological. A person’s bowels may be 
moved by suggestion, by an extreme emotion such as fear, or by asso- 
ciation of ideas. When a man reads every day that such and such an 
agent has a laxative effect and decides to adopt that measure of relief 
for himself he is likely to be considerably influenced unconsciously by 
the testimony of others. This may not be an objectionable use of the 
“psychology of advertising;”’ but for scientific purposes it must be 
eliminated as far as possible. 

Plan of investigation. The plan of investigation contemplated first 
of all the examination of stools from the same diet with and without 
yeast to determine whether the former contained a, more moisture, or 
b, greater bulk, or both. The first series of observations went no 
farther. Stools were weighed, sampled, the sample dried to constant 
weight and the percentage of moisture and solids computed. A second 
series on human subjects imposed more strict control of the diet and the 
analytical work included in addition to moisture and solids, examination 
of the stools for total nitrogen and total phenols, and examination of 
the urie for free and conjugated phenols, indican and uric acid. A 
third series on two dogs with which a much simpler kind of diet could 
be employed and the psychological element wholly eliminated, was 
varried out at the same time. Nitrogen only was determined in the 
feces of the dogs for the reason that moisture and solids would not be 
reliable, because the time of defecation could not be controlled. 

First serves. As subjects for the first series were selected ten students 
of advanced grade in the Rochester Theological Seminary, some of whom 
suffered from constipation. All were boarded at the same table in the 
dining hall of the seminary. The purpose and plan of the experiment 
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were fully explained to the subjects, all of whom were highly intelligent 
young men, vouched for by the authorities of the school as to reliability. 


The stewardess of the dining hall was carefully instructed to keep the 
dietary as nearly constant as possible according to a plan which was 
agreed upon. The subjects were taught in several lessons how to keep 
account of the approximate intake of calories and were instructed in the 
collection and preservation of the excreta. Special arrangements for 
this essential feature were made with the authorities of the Seminary 
who provided two separate toilet rooms apart from those of the other 
students. Specially constructed commodes for separation of urine from 
stools, and ice-boxes, were provided by the University. Urines were 
collected in bottles and stools in one-half gallon galvanized buckets. 
Both sets of vessels were brought to the University every morning by 
a man who replaced them with fresh vessels. 

The urines were tested routinely for several days for albumin, sugar 
and indican until it was certain that no pathological subjects were 
included in the group. A careful physical examination was also given 
man. 

A control period of eight days for reduction to a uniform diet inaug- 
urated this series of observations. The collection of excreta and 
regulation of the diet were fairly satisfactory. Two of the ten sub- 
jects however participated in the experiment only three out of the eight 
days. A yeast period of seven days followed during which each subject 
took before or at each meal one-half cake of compressed yeast (Fleisch- 
mann’s). One subject was absent one day and one was obliged to take 
a laxative (California fruit laxative) on one day of this period. A 
second control period of nine days supervened during which no yeast 
was taken. One subject was absent one day out of this period, two 
were so constipated that no stool was delivered and one other avoided 
this failure by taking a small dose of Cascara. 

In the second yeast period of seven days during which an entire cake 
of compressed yeast was ingested just before or at meal time, one subject 
was absent one day and one became nauseated by the yeast and was 
obliged to discontinue its use two days before the termination of the 
period. His stools however are included in the average. In the final 
control period one subject was so constipated on one day that no stool 
was delivered. A larger stool naturally compensated on the day 
following. 

Table 1 presents in summary the results of this series. Six of the 
ten subjects show a decreased percentage of water and consequently 
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increased percentage of solids in the first yeast period as compared with 
the first control period. The same number, though not the same indi- 
viduals, gave similar results in the second yeast period as compared 
with the second control period. In comparison with the final control 
period seven delivered feces containing less water in the second yeast 
period. The differences are small however in the great majority of 


cases. 

In the grand average of all subjects for all the days of each period we 
find, first, an increased elimination .of fecal matter in the first yeast 
period over the first control period amounting to 12 grams (nearly half 
an ounce) wet weight, notwithstanding the fact that seven of the ten 
subjects took a slightly smaller total quantity of food exclusive of yeast 
in this period. This larger elimination continued during the second 
control period although the total quantity of food eaten was not 
materially increased. Again in the second yeast period there was an 
augmentation of the total weight of stool which continued throughout 
the final control period. Microscopic examination of the stools showed 
abundance of yeast cells in the yeast periods. It is therefore possible 
that the increased weight of stool was due solely to the undigested 
yeast. One cake of the compressed yeast contains between 3 and 4 
grams of dry solids, approximately 33} per cent of which is carbohydrate. 
One and one-half cakes daily therefore would supply approximately 
42 grams of pure yeast containing 31 grams moisture. If a large part 
of this remained undigested the increased weight would be more than 
accounted for. This explanation however would not hold for the 
second control period. There were eighty-one stools in the second 
control period (9 days) against sixty (7 days) of the second yeast period. 
The average weight of the stools was almost the same in the two periods. 
The effect of yeast to increase the output of fecal matter (on sub- 
stantially the same diet) for 9 days after its ingestion had ceased calls 
for some other explanation than indigestibility. 

The same phenomenon is seen in the second yeast period and final 
control period. When three cakes of yeast were taken the average 
weight of stool increased nearly 7 grams over the second control period, 
the total amount of food (average) not being increased, and this increase 
continued for 8 days after the last yeast was taken. Indigestibility may 
have been a factor but cannot have been the only one: for three cakes 
increased the elimination considerably less than one and one-half cakes. 
Our interpretation of this difference is that the power to digest yeast is 
only gradually acquired. The second series of observations on human 
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subjects where the uric acid of the urine was determined and the obser- 
vation on dogs bear out this explanation (see pp. 91 and 94). The 
continued excretion of larger stools for 8 days after ingestion had ceased 
remains unexplained. The fermentative action of yeast evidenced by 
flatulence as well as by eructation of gas from the stomach, recognized 
as carbon dioxide (soda water sensation) by the subjects was present 
only so long as yeast was being taken, and was much more marked in 
the second yeast period than in the first. Several subjects had two and 
sometimes three movements a day during this second period, and all 
but one or two were convinced by this experience that yeast has a posi- 
tive laxative effect. It is the more remarkable therefore that the stools 
upon close examination by means of the balance and drying of the 
samples to constant weight did not disclose a greater elimination of 
water. 

As judged by this series alone the only objective sign of a laxative 
effect consisted in the greater mass of stool in the yeast period and for 
8 days thereafter. 

Second series. In the second series of observations on human subjects 
much greater care in the control of food intake was exercised. Not 
only was the diet in general uniform in quality: it was uniform also in 
quantity. Five subjects, all of them workers in the physiological 
laboratory, volunteered for the experiment. The diet was served in 
the laboratory by an expert dietitian and was weighed or measured to 
an accuracy of 1 or 2 grams by her or by the subjects themselves before 
being served. Every meal was eaten quantitatively by all the subjects. 

The selection of articles was made with reference to previous habits 
as well as to proper balance of nutrients. Breakfast consisted of corn 
flakes (Post Toasties) taken with sugar and milk, one egg, fried or boiled 
but uniform for each subject, and toasted bread and butter. Two of 
the subjects only took coffee. Lunch consisted of boiled whole hominy, 
(Van Camp’s canned) milk, crackers and butter or peanut butter 
(uniform for each subject) and a measured amount of orange juice. 
Dinner consisted of round steak ground and served as meat balls, 
creamed potatoes uniformly composed, bread and butter and _ ice 
cream of uniform quality. It happened that the experiment started 
when the weather was quite cool and at the end of the second period 
an opportunity was given to make any slight alterations in quantity 
which might be desired by each individual for adaptation to warmer 
weather which had supervened. Three subjects chose to cut down 
the diet slightly, one continued the same and one made slight additions. 
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From this point no change whatsoever was made in the diet by any of 
the subjects. Nothing was eaten by any of them outside the three 
meals served in the laboratory. 

A preliminary period of 2 days (not shown in the table) served to 
establish regularity of habits and for trial of different articles in order 
to find those which would prove generally acceptable. The several 
periods which followed were delimited so far as the feces were con- 
cerned by taking before the first meal of the period several charcoal 
tablets. The diet was selected with a view to rendering the charcoal 
plainly visible in the stool, and the separations were all made by one 
person thoroughly experienced in this sort of laboratory procedure. 

The yeast, in amounts indicated in the first column of table 2, was 
taken just before or at meal time and was taken raw throughout by 
three of the subjects. In the second yeast period it was taken after 
thorough boiling by two of the subjects and in the third yeast period 
was taken boiled by one of these two. Certain noteworthy differences 
will be evident as the result of this treatment. 

The composition of the diets as regards weights of nutrients, expressed 
in grams, and as regards total energy content will be found in table 2. 
That the diets were not excessive in amounts is shown by the fact that 
three of the subjects lost weight and one gained only half a pound in 
19 days. One subject wished to gain and purposely selected rather 
more than he was accustomed to eat. He gained 3} pounds. There 
was no noticeable effect of the yeast to improve the appetite; for in 
the first place all of the subjects had good appetites to begin with and 
in the second place the diet was held rigidly uniform (with the exception 
noted above) regardless of the desire to eat more or less. The appetite 
remained good until the last period when six cakes a day (two before 
ach meal) were taken. Two of the subjects were distinctly nauseated 
and all except the subject who was taking boiled yeast at this time 
found the production of gas excessive and disagreeable. 

The laxative effect of yeast is shown by increased weight of stools in 
the yeast period, as contrasted with the control period immediately 
preceding, in thirteen out of the fifteen tests. The two tests which did 
not show the increase and one which did were made with boiled yeast. 
Ten out of the fifteen showed also an increase in the percentage of 
moisture and therefore a slightly softer stool. One of these was so soft 
as to be described as diarrhea. Two of the five which did not show 
the increase in moisture were made with boiled yeast. Obviously the 
percentage of dry matter was just the reverse. The total weight of dry 
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matter, however, behaved quite differently. Again thirteen showed an 
increase, two a decrease. Eleven of these thirteen tests coincided with 
those which showed an increase in total weight of the stool. The two 
which did not bring out a greater weight of dry matter were among those 
which showed the greatest increase in moisture. 

The total nitrogen of the stool was increased in all but one of the 
fifteen yeast periods, and the percentage of nitrogen in the dry matter 
likewise in all but one. The exceptions were, the first test with subject 
II as regards total nitrogen and the last test with subject IV as regards 
percentage of nitrogen in the dry matter. As might be expected from 
what was said above regarding the uniformity in chemical composition 
of feces regardless of diet, the percentage differences of nitrogen in the 
dry matter were in several instances extremely small. 

Since one yeast cake contained approximately 0.33 gram nitrogen 
and since the increase in total nitrogen of the stool was rarely equal to 
one-half the amount contained in the yeast itself of the corresponding 
period, it is obvious that the yeast nitrogen was largely absorbed. 
The subjects which showed the least increase in nitrogen of the stool 
in comparison with the nitrogen ingested as yeast, were subject II, who 
also gave the two periods of decreased total dry matter, and subjects 
IV and V when they were taking boiled yeast. This is brought out more 
clearly in the following tabulation: 


SUBJECT 


II III IV 


0.49.0.99)1 98 0.49 0.991 98,0 490.99 1.98.0 49.0 991.98 0.49 0.99 1.98 
0.610. 21,0.78 -0.15 0.110 21:0 31/0 27,0. 97,0.30,0.120.19 0.11.0 090.61 
| | (b) | (b) (b) 


Nitrogen in yeast. 
Extra nitrogen in stool 


The boiled yeast periods are indicated by a letter (b). 


Whatever may be the explanation for subject II, it seems quite 
clear that the boiled yeast was more digestible than raw yeast. It also 
produced no gas and therefore less peristalsis (see figures for percentage 
moisture). That the raw yeast produced increased peristalsis is proved 
objectively by the fact that subject I on two occasions delivered the 
charcoal mark in the feces within 6 hours after its ingestion. 

The nitrogen of the urine shows nothing of particular interest. For 
the last four periods during which the diet was constant for each subiect 
the excretion of nitrogen by the kidney was fairly uniform. The 
nitrogen absorbed from the yeast (especially subjects I], and IV and 
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V on boiled yeast) did not appear in the urine. It was probably or- 
ganized into body protein. Taken in moderate amounts the nitrogen 
of yeast appears to be readily retained. This is in agreement with the 
work of Hawk, Smith and Holder (loc. cit.). (See however the dis- 
cussion of uric acid below.) 

The influence of yeast on the excretion of phenols. The human alimen- 
tary tract on modern dietaries is peculiarly susceptible to the processes 
of putrefaction yielding phenol and phenol derivatives. Giocomo (22 
has reported that while the production of phenols by the colon bacillus 
found in different animals is very variable the greatest production is 
obtained with these bacilli obtained from man and the macaque monkey. 
Both Berthelot (23) and Rhein (24) have described special strains of 
colon bacilli found in human stools which have peculiar powers of 
producing phenols from tyrosin and both have suggested the name 
Bacillus coli phenologen for these organisms. Berthelot finds that on 
ordinary nutrient media this organism produces ten times as much 
phenol as ordinary colon bacilli and Rhein states that his phenologen 
strain is readily isolated from the stools of constipated individuals. 

The only modern investigation on the amounts of phenol regularly 
occurring in the stools of normal individuals, which is worthy of quota- 
tion is that of Folin and Denis (25). These authors adapted their 
colorimetric method (26) for the estimation of phenols in urine to the 
investigation of stools, but expressly warn that the method suffers from 
one ‘theoretically serious source of error, namely, that the phenols, 
found include any tyrosine which may be present.”’ Since tyrosine is 
for the most part converted to phenol and absorbed, the amount of 
phenol (and tyrosine) recovered from stools would afford a measure 
of the effect of any laxative agent, if used on a constant diet, provided 
the laxative agent itself did not supply any tyrosine, or even if it did 
supply tyrosine and all the extra quantity were recovered in the urine. 

With this thought in mind the phenols, both of the feces and urine, 
have been determined by the Folin-Denis method in the present inves- 
tigation. As a starting point we may quote the values found by Folin 
and Denis in the stools of healthy and normal (so far as digestion was 
concerned) men on a constant diet of bread, butter, eggs and milk. The 
average daily excretion varied from 30 to 150 mgm. and constituted 
from 0.2 to 0.5 per cent of the total dry weight of the feces passed. 
This was only from 7 to 20 per cent of the total phenols formed and 
excreted by both kidney and intestine. A cathartic (MgSO,) enor- 
mously increased the output of phenols but an enema increased it only 
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moderately. Probably the purgative salt brought down large amounts 
of unabsorbed proteolytic products including tyrosine. 

The phenol excretion by the intestine by the subjects of our second 
series (table 2) was consistently higher than the average values obtained 
by Folin and Denis even when no yeast was ingested. In percentage 
of dry weight of stool it was also higher on the average. These facts 
are probably explained by the character of the diet which included 
meat. In seven out of the fifteen tests with yeast the excretion of 
phenols in percentage of dry weight was increased over the previous 
control period, in two tests it was the same, and in six it was reduced. 
Two of the last group were tests made with boiled yeast. The results 
in percentages are summarized below. 


AVERAGE 
or 5 
SUBJECTS 


48 0.60 0.57 
Yeast 1} cakes 53 5: | 0.5: 0.47 0.52 
Control.......... 4: | 0.58 0.49 0.53 
Yeast 3 cakes... .4(b) | 0.53(b) 0.51 
5 61 0.56 0.54 
Yeast 6 cakes........ De 5 43(b) | 0.51 0.53 


(b) means boiled yeast. 


Taking the average of all cases the yeast periods show consistently 
lower percentages than the control periods, though the differences are 
very small. It seems fair to conclude that yeast, although it caused 
the increased weight of stool and increased the moisture, did not act so 
violently as either a purgative salt or an enema to remove unabsorbed 
tyrosine. 

To summarize: the yeast caused an absolute increase of phenols in 
the stools in ten out of the fifteen tests, but caused a relative increase 
in only seven trials, and when all cases are averaged there is a consistent 
though small relative decrease. Since yeast as used contains 14 per 
cent protein and the protein contains 2 per cent of tyrosine (27), there 
was added to the alimentary contents from 2.9 grams (one and a half 
cakes) to 11.7 grams (six cakes) of protein containing from 58 to 234 
mgm. of tyrosine which, if all were converted to phenol, would yield 
approximately 30 to 110 mgm. _ In only a few instances where they were 
increased do the figures for phenols show values approaching these, and 
the average result was, as we have just seen, not an increase (relative) 
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but a decrease. An interpretation entirely consistent with these results 
would be that the yeast acted unfavorably on the putrefaction processes 
thereby diminishing the actual production of phenols in the colon.' 

Turning now to the phenols of the urine we have to note first, that 
modern research has refuted the former conception that all of the 
phenol absorbed is rendered harmless by conjugation; for Folin and 
Denis reported from 30 to 90 per cent of the total phenol excreted in the 
urine present in free form. The detoxication process involved in con- 
jugation with sulphate or glucuronate therefore furnishes only a partial 
protection against these products of putrefaction absorbed from the 
alimentary canal. 

Secondly, it appears clearly established by the work of Underhill 
and Simpson (29) that the excretion of not only the phenols but of 
indican varies with the amount of protein eaten and that constipation 
causes a large increase of both. 

Thirdly, any dietary change which influences the growth of putre- 
factive bacteria (Herter and Kendall, Rettger, Torrey) whether favoring 
or retarding, has a like effect on the excretion of phenols by the kidney. 
Dubin (28) in his observations on the dog brings out the interesting 
fact that either exclusion of the liver (Eck fistula) or exclusion of bile 
from the intestine (ligation of duct) increases the excretion of free 
phenols and infers that the bile in some way facilitates conjugation by 
the liver. From this, one might infer that any constituent of the diet 
which stimulated production of bile or at least excretion into the intes- 
tine would favor conjugation. 

The average excretion of total phenols through the urine by our sub- 
jects was, for the control periods, 341 mgm., of which 209 (or 61 per 
cent) were in the form of free phenols and 132 (or 39 per cent) conju- 
gated. For the yeast periods the average excretion was 366 mgm. 
of which 223 (again 61 per cent) were eliminated as free phenols and 
143 (39 per cent) as conjugated. Yeast therefore has no effect in the 
average case, whether taken in small amount or large, to change the 


1 An interesting corollary to this interpretation is afforded by subject II who 
several years ago had had the gall bladder removed, the bile therefore being 
fed continuously into the intestine instead of intermittently. In each of the 
three tests with this subject there was an absolute decrease in the elimination 
of phenols in the stools during the yeast period. Dubin (28) found that exclud- 
ing bile from the intestine of the dog increased the production of phenols from 
tyrosine and its excretion through the kidney. The continuous addition of 
bile seems in this case to act unfavorably on the production of phenol from 


tyrosine supplied by yeast. Possibly also yeast stimulates the flow of bile 
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distribution of phenols. This is equivalent to saying that in the 
average test yeast does not influence conjugation of phenols either 
directly or indirectly. 

The average increase in the total elimination effected by yeast for all 
subjects and all the different tests was 25 mgm daily. There is no 
indication that a large dose increases the output through the urine more 
than a small dose. Indeed, the average increase with a cake and a half 
daily was 42 mgm. total phenols whereas the average with 6 cakes daily 
was only 10 mgm., two tests with the larger dose (one with boiled yeast) 
yielding less total phenols than the control period immediately pre- 
ceding. Remembering that the smallest daily dose should yield 30 
mgm. of extra phenol if all the tyrosine supplied by the yeast were 
converted and that some of this (average of 6 mgm.) has appeared 
in the stool: remembering also that the largest dose (6 cakes) should 
vield 110 mgm. of which only about one-fourth (27 mgm. average) 
was found in the stools, we find additional evidence that the protein 
of yeast (the tyrosine fraction) has been retained for some useful 
purpose. If the tyrosine derived from the yeast (particularly with the 
larger doses) were subjected to as much putrefaction as that contained 
in the control diet alone there would have been a much larger elimination 
of phenols through the urine. This again clearly indicates that yeast 
reduces putrefaction. 

Indican was tested for by Obermayer’s method but no attempt was 
made to express the results by the Myers and Fine method for the 
reason that it is not very exact. Judging with the naked eye the depth 
of color developed in the test-tube the quantities present were expressed 
(table 2) with the usual plus signs. Comparison with the values found 
for phenols in the urine indicate, as Underhill and Simpson observed, 
that the two classes of substances vary independently. 

Influence of yeast on excretion of uric acid. Smith (14) has reported 
recently that the ingestion of yeast by four different subjects sub- 
sisting on an otherwise purin-free ciet led to no significant increase in 
the elimination of uric acid even when the amount of yeast added to the 
diet was increased to fifteen cakes (Fleischmann’s compressed yeast). 
This result was diametrically opposite to the results reported by 
Salomon (30) and by Funk, Lyle and McCaskey (10) and naturally 
aroused our interest. Uric acid was therefore determined by the Folin- 
Wu method in the urines of the three subjects of our second series who 
did not take coffee. The results are found in table 2. In neither of 
the three cases was there any significant rise (in fact a fall in two) when 
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only a cake and a half daily was ingested. With two of the cases how- 
ever there was an obvious rise in the second yeast period (3 cakes a day 
and tn all three casesavery significant rise in the control period of three days 
which followed. Two of the subjects in the second period took boiled 
yeast and in both cases the subsequent effect on uric acid excretion was 
greater than in the case which had taken raw yeast. There can be no 
doubt about the determination for the urines had been preserved and 
the analyses were repeated with the same results. It is evident that 
we are dealing here with either a, delayed digestion, or b, delayed absorp- 
tion and metabolism of nucleins; for the basal diet and daily activity of 
the subjects did not vary sufficiently to account for such fluctuations. 
That digestion is probably a factor is shown by the fact that subject IV 
who continued to take boiled yeast (6 cakes) in the final yeast period 
delivered a still higher quantity of uric acid during the yeast period itself 
as he had done in the second period, while the other two subjects on raw 
veast in the final period did not respond in this way. In all probability 
they would have shown it in a subsequent control period. This obser- 
vation on uric acid confirms the impression gained in the first series that 
it requires some time to acquire the power to digest (or metabolize) 
yeast. The only explanation we can offer for the difference in result 
between our observations and those of Smith is that our subjects were 
subsisted on a basal ration which contained meat, potatoes and fruit 
juice, while Smith’s subjects were subsisted on a purin-free diet. 
Possibly with the capacity to oxidize nucleic acids already pretty well 
in operation the addition of a fresh burden caused more prompt or 
more complete elimination. It is probable, however, that the inclusion 
of potatoes with their potassium salts (31) and orange juice, likewise 
with an alkaline ash (31) may have facilitated the elimination. 
Observations on dogs. The purpose of this series of observations was 
first, to eliminate entirely any psychic element which might enter into 
the laxative effect of yeast, and second to impose absolutely rigid diets. 
Instead of drying the feces for determination of moisture, because the 
collection could not be sufficiently controlled to obviate great differ- 
ences in the evaporation of water, they were dried, reduced to powder 
and then analyzed for total nitrogen. The nitrogen content would 
suffer relatively little alteration .on account of differences in collection. 
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Dog I, weighing 9 kilos, was fed daily in two equal feedings: 


calories 


The control periods were separated from the yeast periods by admixture of 
a weighed amount of powdered carmine or Congo red. Feces were collected as 
soon as possible after they were passed and the character of the movement was 
noted. Only on two occasions were the feces not well formed, once during a con- 
trol period and once during a yeast period. For the most part both in control 
and yeast periods the feces were so hard as not to soil the dish, but in period VI 
when two cakes of yeast daily were being fed there was a noticeable tendency to 
‘stickiness’ as expressed by the janitor who collected them. 
Dog II weighing nearly 10 kgm. after a trial diet for several days was given 
daily: 


calories 

125.0 gm. Ground beefheart................... 150 


three succeeding periods leading up to 4 cakes of yeast daily These are not 
shown in the table for the reason that the animal developed the habit of eating 
a portion or all of the feces. It is worthy of note however that during the second 
two-cake period and the four-cake period the feces were very soft indicating 
therefore a true laxative effect, in contrast with the earlier periods when they 
were uniformly hard and well-formed. It is possible, though not definitely 
proved, that the explanation of this difference between dogs I and II is that dog II 
was fed a much larger quantity of carbohydrate. This point deserves more 
thorough study If yeast exhibits a more powerful laxative effect upon a diet 
rich in carbohydrate that fact would go far toward explaining the nature of its 


effect. 
In table 3 are shown the average daily quantities of total nitrogen in 
the feces of dogs I and II. Both powdered carmine and Congo red used 
as fecal marks on all the control days contain nitrogen. It is necessary 
therefore to make a deduction on control days as well as on yeast days 
in order to arrive at the net effect of the yeast on nitrogen excretion by 
the bowel. These subtractions are shown in the table. With dog I 
a fairly uniform elimination is found throughout the control periods 
(period V does not agree so well) particularly after the subtractions 
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are made. Yeast increases the elimination very markedly in all the 
periods and in the first the extra elimination is equal to the amount of 
nitrogen contained in the yeast. But in the second and third periods 
there is evidence of more and more digestion and utilization of the 
yeast protein. In fact, in the last period when two cakes daily were fed, 
subtraction of the yeast nitrogen leaves a deficit. Assuming uniformity 
in composition of the yeast, this can mean only that the presence of 
yeast has improved the utilization of the food. 

Substantially the same results were obtained with dog II. In this 
case the two-cake yeast period comes first and when subtraction of 
yeast protein is made yields a still greater deficit of nitrogen. Later 
when a one-cake period was tried there was evidence of utilization of 
the yeast, but no deficit. In other words, the larger dose of yeast 
brought about immediate utilization, and this having been established, 
a subsequent feeding of one cake, which with dog I showed no utiliza- 
tion, gave evidence that the yeast could now be digested and utilized. 

On several grounds then we are warranted in drawing the conclusion 
that yeast can be made use of as food. 


SUMMARY 


1. The existing literature on the effectiveness of yeast as a laxative 
is conflicting, some authors finding it an important remedial agent in 
enteritis (diarrhea), others reporting relief from constipation. 

2. By true laxative action in this investigation is meant either an 
easier evacuation on account of increased moisture in the stool or more 
complete evacuation on account of stimulation to peristalsis or greater 
bulk of residues. 

3. The plan of investigation followed contemplated the use of both 
human and animal subjects. In the first series ten students were 
placed on a nearly constant diet alternately in periods with and without 
yeast. The stools were collected, samples dried to constant weight and 
percentage of moisture and solids computed. 

4. In the second series five human subjects were placed on a more 
rigidly constant diet and in the same manner periods with yeast added 
alternated with periods in which no yeast was used. In this series not 
only were the stools examined with reference to the percentages of 
water and solids, but were analyzed also for total nitrogen and phenols. 
The urine also was analyzed for total nitrogen, phenols both free and 


conjugated, and urie acid. Indican was determined qualitatively. 
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5. Two dogs were used for the third series, in order to eliminate 
any possible psychic effect and in order to impose an absolutely constant 
diet. Nitrogen output was studied as a measure of protein utilization. 


CONCLUSIONS 


1. In the first series no evidence was obtained of increased moisture 
content as the result of taking yeast. There was, however, a measurable 
increase in the bulk of stool, which persisted for several days after the 
ingestion of yeast was stopped. Several of the subjects were compelled 
to evacuate two or three times a day when three cakes of compressed 
yeast (one before each meal) were taken. 

2. In the second series a laxative effect is proved both by increased 
weight in the great majority (13 out of 15) of the tests and increased 
moisture in two-thirds of the tests. In the great majority of the tests 
also there was not only an increase in the absolute elimination of nitro- 
gen, but an increase also in the percentage of nitrogen in the dried stool. 
Svidence here is found for the utilization of yeast protein as also in the 
values for total nitrogen in the urine. 

3. The estimation of phenols in the feces and urine indicates that 
putrefaction is somewhat diminished by the ingestion of yeast. 

4. The uric acid of the urine shows a marked increase when three 
cakes of compressed yeast were eaten each day and becomes even higher 
in the control period immediately following. 

5. Boiled yeast does not produce so much laxative effect (moisture 
and weight) as raw yeast. It is more easily digested than raw yeast. 

6. Dogs can digest and utilize yeast protein to such an extent as to 
obscure any tendency to increase the excretion of nitrogen by the 
bowel. Four cakes of yeast gave a marked laxative effect (softer 
movement) when fed to dogs of 9 and 10 kilos on a perfectly constant 
diet which otherwise was slightly constipating. 
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In investigating the effects of radiation, its physical composition 
should be considered as well as the amount of response. That is to say, 
as in the use of other stimuli, strict attention must be paid to intensity 
as well as to quality of stimulus. Until recently physiologists in general 
have disregarded the intensity factor in radiation. In the literature 
on pupillomotor reactions Hertel (1) seems to be the only one who 
considered the energy content. The amount of energy emitted per 
second by an incandescent source, its radiant power, can be fairly 
easily determined by employing some form of sensitive, non-selective 
radiometer, such as a thermopile and auxiliary galvanometer. In two 
previous publications (2) attention has been called to the necessity of 
evaluating the distribution of energy in the spectrum. Its importance 
has been convincingly shown in work on visual purple and chlorophyll. 
Henri and des Bancels (3) point out that the threshold energy, the 
bleaching effect on visual purple and the amount of light absorbed by 
visual purple, all follow the same course. That is to say, to produce 
the same effect by different wave-lengths the same amount of energy 
must be absorbed in each case. The chief absorption of chlorophyll 
is generally stated as being practically in the position of maximal 
energy of the solar spectrum as given by Langley (650 to 666 my), in 
the leaf at 678 my. There is a considerable absorption in the blue also, 
at about 480 my. But the recent measurements of solar radiation (4) 
show that the curve expressing the relative spectral distribution of 
radiant power in average noon sunlight at sea level is that of a Planckian 


1 The radiometer used for equating the spectral energy was purchased by 
means of a grant from the Elizabeth Thompson Science Fund. It is a pleasure 
to acknowledge here my gratitude to the Trustees of the Fund. 
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radiator with a temperature of between 5000 and 6000 degrees absolute, 
the wave-lengths of maximum energy being between 500 and 550 mu. 
Honigmann (5) has recently made a study of sensibility and adaptation 
in the bird’s eye. He sets forth very clearly the necessity of considering 
the quantitative as well as qualitative characteristics of light. 

In this paper the results of an investigation of the relative stimulating 
value of wave-lengths in an equal energy spectrum, as evidenced by 
their effect on the pupil in man, the pigeon and the alligator, are given. 
Attempts were made to do the same for the chicken, but they did not 
prove amenable subjects. 

The study of pupillomotor reactions in this connection acquires its 
interest from the fact that the extent of the reaction varies with the 
subjective luminosity of the light. It therefore offers an objective 
method for studying ‘‘visibility’’ in the light and dark adapted eye. 
The results are comparable with those obtained by photometric 
methods, which give the relative spectral energy necessary to produce 
a given luminous sensation. A clinical application of the relative 
effects of spectral lights has also been made (see Cutting (6)). 

For assistance in the work the results of which are here reported 1 am 
indebted to Miss Charlotte W. Gilman and Mr. L. T. Spencer; and to 
Miss Edith Lowman for checking my measurements of the pupil size. 

APPARATUS AND METHODS. Radiation of different wave-lengths but 
of equal intensity as determined radiometrically was employed. I am 
well aware of the arguments for using, not equal energy, but energy of 
known amd variable amount for such work, and the determination of 
the amount of energy at different wave-lengths to produce equal effects, 
for example, to completely contract the pupil or to bring about a just 
noticeable contraction. But the use of such a method in the present 
study does not seem to me to be without objection, to which attention 
has already been called (2). It is common knowledge that in varying 
the absolute intensity of a spectrum, the relative stimulating value of 
the short wave-lengths, as indicated by their brilliance, becomes notice- 
ably greater, while that of the long waves decreases (Purkinje’s phe- 
nomenon). It seems to be established that the pupillomotor effect of 
light is in proportion to its apparent brightness. The conclusion is 
then clear that a subjective change in apparent brightness will be 
accompanied by a proportional objective change. Furthermore, given 
the rate curve, or the time curve, the other may be found graphically, 
so that the amounts of energy at each wave-length necessary to produce 
the same effect may be determined from the values expressing the 
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relative effect produced by different wave-lengths of equal energy. 
Chaffee and Bovie (7) use wave-lengths of the same energy. 

Since in all investigations of the relative stimulating effects of light 
of different wave-length, it is imperative to know the energy value 
(mechanical equivalent), some form of radiometer which functions 
independently of the frequency of the stimulus must be employed to 
measure the energy. The spectro-radiometer used is a Hilger wave- 
length spectrometer, with constant deviation prism, and a thermopile 
with its auxilliary galvanometer. The source of radiation is a 1000 
Watt Mazda C lamp, mounted in a light tight box in front of the slit 
of the collimator. The apparatus has been described (2). Improve- 
ments consist first, in the substitution of a precision asymmetric slit, 
the beveled edges of which face outward, at the ocular end of the 
telescope for the diaphragms originally employed; and second, the use 
of a much more sensitive radiometer, made for me by Dr. W. W. Cob- 
lentz of the Bureau of Standards, Washington. This is a vacuum 
bismuth-silver thermopile and Thomson galvanometer. The average 
radiation sensitivity of the thermopile is such that 1 microwatt of 
energy produces a deflection of 2.9 to 3.0 cm. per mm.” area exposed, 
scale at 1 meter, galvanometer sensitivity 1 & 10°'° amps. 

The lamp was calibrated to emit equal energy in the visible spectrum 
from 404.0 my to 734.0 mu by adjusting its distance from the collimator 
slit, (along a graduated scale) until the galvanometer deflections were 
equal to the standard. This method is very satisfactory, but by no 
means so good as varying the current input, and calibrating the lamp 
according to this (personal communication from Doctor Coblentz, 
and (8)). 

The record of the size of the pupil, or rather its image formed by the 
refracting media in front of it, was obtained photographically. Figure 1 
shows the general scheme of the apparatus for exposure and photog- 
raphy. The actual measurements of the size of the pupil were made on 
enlargements, a small millimeter scale placed in the plane of the pupil 
and photographed with it allowing the size of the pupil to be accurately 
measured. 

To insure fixation, correct position, etc., the subject’s head was 
secured by means of a head rest; the alligators and pigeons were like- 
wise placed in holders, which, though securing them in position and 
allowing no movement of the head, did not excite them. Before each 
exposure to a wave-length, the subject was dark adapted for 15 minutes 
following light adaptation to a constant moderate illumination for 


15 minutes. 
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Abelsdorff’s (9) comparisons between light and dark adapted eyes 
are questionable because he dark adapted for only 3 minutes. 

Resutts. At the time the observations were being made only one 
human subject with blue or gray eyes was available. Owing to the 
difficulty of obtaining photographs of the pupil of persons with dark 
eyes, the photographic records were limited to this one subject. Direct 
observations were, however, made on two brown-eyed subjects. The 
work on the pigeon and alligator was performed on three animals each. 


E 


Fig. 1. S, slit in telescope 7’, of spectrometer; L, lens; M, mirror; E, position of 
eye; Cam, camera; Lp, flash lamp in light tight box provided with shutter set at 


“s second; C, collecting lens. 


The results given represent the average of at least 5 complete series for 
each. For some wave-lengths a larger number of determinations 


was made. 

The rate of pupillary dilatation. Before the work on the relative 
effects of wave-lengths could be started, it was necessary to determine 
the rate of opening of the pupil, that is, the time taken to maximally 
dilate in darkness. After a preliminary 15 minute light adaptation in 
constant moderate illumination, the eye Was exposed for 2 seconds to a 
white light which just closed the pupil to its minimum size. The lights 
were then extinguished and a flash photograph (exposure -; second) 
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made at an interval of time after dark adaptation had begun. The 
process was then repeated. After each photograph the room lights 
were turned on, the eye again light adapted and then dark adapted for 
a certain length of time and another photograph taken, and so on. 
It was found that the pupil of the subject used for the photographic 
records dilated to its maximal size (9.2 mm.) on the average in 6 minutes. 
The pupils of the two other subjects, as determined by direct observa- 
tion and photographs, dilated to their maximum size of 7.8 and 8.3 mm. 
in 5 and 6 minutes respectively. Reeves (10) obtained an average of 
5 minutes (six subjects) with a range of from 3 to 10 minutes, and an 
average diameter of 8.1 mm. (7.0 to 8.7). The minimal size of the 
first subject’s pupil when exposed to strong light was 2.8 mm.; of the 
other two subjects, 2.7 and 2.9 mm. respectively. The pupil is con- 
stantly fluctuating over a small range even in constant brightness. The 
pupil of the pigeon (3 animals) reaches its maximal size (5.6 mm.) 
in darkness in about 2 to 2.5 minutes. In bright light the average is 
1.7 X 2mm. It is interesting to note that the pupil of the pigeon is 
not round, except when maximally dilated. The pupil of the alligator 
(average of 3 animals) dilates to its maximal size (horizontal diameter 
of 5 mm.) in 9 minutes. In strong light the pupil is a slit measuring 
0.5 mm. at its widest part. 

The pupil of the alligator is in the form of a vertical slit similar to 
that of the cat. It was hoped that decapitate preparations could be 
used, but this was soon found impossible, for in about 20 minutes after 
decapitation the pupil no longer responds to light. Photographs of 
the pupils of two decapitate preparations measured 6.8 by 6.0 and 
6.4 by 5.8 mm. respectively, but with the horizontal diameter now the 
longer. 

It is unnecessary to enter upon a discussion of the results of former 
investigators on the relative influence of spectral light on the pupil. 
Almost every contribution to the subject leaves something to be desired. 
With one exception, Hertel (1), the distribution of energy is ignored. 
In many cases no attention is paid to adaptation. Reviews of many 
of these papers are to be found in Hess (11), Parsons (12) and Engelking 
(13). In general all investigators who have studied the relation between 
the pupillar reflex and the quality of light find the extent of the reaction 
dependent upon the brilliance of the colors. 

THE PUPILLOMOTOR REACTIONS OF THE HUMAN PUPIL. Light adapted 
eye, bright light. The eye was first dark adapted, as above described, 
and then exposed to the wave-length whose action was to be tested. 
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TABLE 1 


Relative pupillomotor values of wave-lengths of equal energy content for man 


LIGHT ADAPTED, } DARK ADAPTED, DARK ADAPTED, 
BRIGHT LIGHT DIM LIGHT | BRIGHT LIGHT 
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The action time was varied under different conditions. There is a 
difference between the size of the pupil just after the pupillar reaction 
and the later size under a constant intensity of light. The results of 
exposing the eve for 20 seconds (i.e., after the period of primary oscilla- 
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454 | 255 
464 29.0 
474 27.4 
484 50.0 
494 | 72.6 
504 | 83.9 
514 91.9 
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534 100.0 
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tions, but before the pupil has begun to dilate in adaptation) will now 
be described. Under such conditions of exposure, the eye, although 
in the dark adapted state when first stimulated, quickly becomes light 
adapted and the results obtained are on the light adapted eye. The 
size of the retinal image was about 0.3 mm. 

The results are shown in table 1, columns 2 and 3, and in figure 2. 
The values for the size of pupil and each point on the curve are the 
average of at least 5 determinations. The relative stimulating value is 
computed by making the effect of the most efficient wave-length equal 
to 100. 


| 


| 


Fig. 2. The relative stimulating value of wave-lengths of equal energy content 
for the pupillar reaction of man. The ordinates represent relative stimulating 
value, the abscissae wave lengths in m yu; C > light adapted eye, bright light; 
@— @— @ dark adapted eye, weak light ; x—x—-x dark adapted eye, bright light. 


The wave-length of maximum efficiency is 554.2 my. The curve 
expressing the relative efficiency slopes from this point to the red and 
blue ends, slightly more rapidly to the latter, reaching at 474.3 mu 
(that is 80 my from the maximum) a value of 7 per cent. Beyond 
474.3 my the efficiency rises again, due to fluorescence in the eye media. 
Hess (11) calls attention to the possibility of the apparent effect of the 
short wave-lengths being greater than they should be theoretically owing 
to the stimulative action of fluorescent light. Hertel’s (1) results, 
using an equal energy spectrum, on the direct action of light on the iris, 
can only be explained, it seems to me, by assuming that the extreme 
short waves produced fluorescence. 
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Dark adapted eye, weak light. An intensity below the color threshold 
but one at which a clear and decided contraction of the pupil was 
obtained was used. The eye was exposed to the various wave-lengths 
for 20 seconds before photographing it. The results are shown in 
columns 4 and 5 of table 1, and in figure 2; 514.3 my is now the wave- 
length of maximal influence. The spectrum at the red end is shortened, 
extending only to 664.5 mu. The effect of fluorescence is not apparent 
and the increased efficiency of the short wave-lengths as far as 434.0 mu 
as compared with the light adapted eye, is clear from the figure. 

Dark adapted eye, bright light. In addition to obtaining the pupillo- 
motor stimulus values of wave-lengths in a bright spectrum for the 
light adapted eye, and in a weak spectrum for the dark adapted eye, 
the effect of a bright spectrum on the dark eye was investigated. That 
the relative effects of wave-lengths in a bright spectrum are different 
for the light and dark adapted eye has been shown by a number of 
investigators whose work will be referred to later. Without any change 
in intensity, it has been found that dark adaptation produces a difference 
in the relative sensibility of the eye to differences in wave-length. 
In order to have the light fall on a portion of the retina containing rods 
as well as cones, a dim light was fixated by the subject. It was so placed 
that the 0.3 mm. image of the stimulating lights fell on the retina 10° 
from the center of the fovea. 

The results are shown in columns 6 and 7 of table 1 and in figure 2. 
They were arrived at by photographing the pupil at the expiration of 
a certain action time and then again after a longer time, etc., allowing 
15 minutes dark adaptation between successive exposures. This was 
continued until the minimal exposure time to produce maximal con- 
traction for a particular light had been ascertained. A photograph was 
thus taken after 1, 2, 33, 4, 5, 6, 7, 8 and 10 seconds, as well as for longer 
periods. The values for 2, 4, 5 and 6 seconds are given in table 2 and 
plotted in figure 3. 

It was found that the reaction time, or the time taken by each wave- 
length to produce its maximal effect of contraction, is the same for 
all wave-lengths, namely, between 5 and 6 seconds. The difference, 
therefore, in the stimulating value of different wave-lengths is indicated 
only by the size of the pupil. In other words, the time consumed in the 
reflex and in the muscular contraction is for all wave-lengths of equal 
energy the same, but the rate of contraction is different. 

When the curve (fig. 2) expressing the relative values of the various 
wave-lengths in a bright spectrum for the dark adapted eye is examined, 
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TABLE 2 
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it is seen that 534.3 mu is the wave-length of maximal stimulating effect. 
From this maximal point, the curve slopes to both ends of the spectrum, 
the values on the red side of the maximum being greater than for the 
dark adapted eye, but smaller than for the light adapted eye; while 


mph mr mm mm 
403.7 9.2 9.2 
413.7 9.2 9.0 3.2 9.1 lf 
424.0 4.9 
434.0 9.2 6 9.7 
444.0 17.7 
454.0 29 0 
464.3 30.6 
474.3 27.0 
{84.0 43.5 6.1 50.0 6 416.8 
494.3 75.8 4 72.6 72.6 
504 66.1 79.0 0 83.9 87.1 
514 77.4 87.1 5 91.9 93.5 
524 83.9 95.2 1 98.4 98 .4 
534 83.9 96.8 0 100.0 98 4 
80.6 93.5 96.8 OS 
554 74.2 87.1 88.7 6 90.3 
564 62.9 : 79.0 1 82.3 
574 5.8 54.8 | 67.7 6 74.2 
584 6.3 46.8 2.6 58.1 4 61.1 
594. | 0 35.5 6.1 | 50.0 8 5A.S 
604. 24.2 6.6 41.9 6.5 $3.5 6.7 410.3 
614 3 30.6 
624 4 29.0 
634 7 24.2 
644 0 19.4 
654 4 12.6 
664 5 11.1 
674 7 8.1 
684. 9 4.8 9.0 3.2 
694.5 9.0 3.2 9.1 | 1.6 
704.2 9.0 3.2 9.2 
{ 714.2 9.1 1.6 
724.0 9.2 | 
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those on the blue side of the maximum are lower than for the light 
adapted eye, but greater than for the dark adapted eye. The spectrum, 
however, extends in the red as far as it does for the light adapted eye, 
although the relative stimulating values for the same wave-lengths 
as far as 634 my are less than for the light adapted eye, and beyond this 
the same. This asymmetry on the red side is due to a relative and 
gradual decrease in rod function, or a relative increase in cone function, 
in the longer waves. At the blue end, the effect of fluorescence is again 
apparent. 


Fig. 3. The relative stimulating value of wave-lengths of equal energy content 
for the pupillar reaction of man for various action times. The ordinates represent 
relative stimulating value, the abscissae, wave-lengths in m 4; O—O—O 2 seconds; 
@— @— @ 4 seconds; x—x—-x 5 seconds; A—A—aA 6 seconds; 


Reeves (10) found ‘“‘that the average pupil reaches its minimum in 
less than 5 seconds, the greater part of the closure occurring within the 
first 2 seconds.”’ He used an intensity of brightness in the vicinity of 
100 millilamberts, because ‘‘the decrease in the diameter of the pupil 
after the intensity increases beyond 100 millilamberts is slight.” The 
average minimal size of the pupil was 2.8 mm. In my experiments the 
intensity was not photometrically determined, but the most efficient 
wave-length contracted the pupil to 3.0 mm., while the smallest diameter 
obtained by the use of very intense white light was 2.8mm. _ Its bright- 
ness therefore was probably in the vicinity of 100 millilamberts. 
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The minimal size of the pupil for all wave-lengths is reached in either 
5 or 6 seconds (see table 2). In some cases the size of the pupil after 
6 seconds is slightly larger, in others slightly smaller, and in still others 
the same as after 5 seconds. This slight variation in size indicates that 
the contraction of the pupil is over in between 5 and 6 seconds, and that 
after this it begins to dilate. Pictures taken at the expiration of 7 
seconds show that the pupil is larger, while at 4 seconds it has not quite 


reached its minimal size. 

The latent period of the pupil reaction was determined by Piltz (14) 
as between 0.2 and 0.3 second, varying with the strength of light; and 
the reaction time, that is the time taken for a maximal contraction, as 
0.9 second. Engelking (13) accepts these values. Fuchs (15) found 
the latent period to be 0.55 second, the reaction time 0.92 second; while 
Lans (16) puts the reflex time at 0.59 to 0.33 second. The pupil is 
never quite at rest. Although its size may be approximately constant 
for a certain intensity of light, it is continually fluctuating in diameter 
to a greater or less extent. Attention has been often called to these 
fluctuations; see Steinach (17), Lans (16), Fuchs (15) and Piltz (14). 
They are due to a number of causes, circulatory and respiratory, as 
well as sensory and psychic influences, such as sound, degree of attention, 
etc. Lans states that the oscillations in the size of the pupil may be as 
large as 0.5 mm., and Engelking places the limits of error in measuring 
the size of the pupil by photographs at 0.25 mm. 

In addition to the fluctuations in the size of the pupil when in con- 
stant illumination, there is a change in pupil size after stimulation by 
light. When the eye is suddenly illuminated the pupil closes, but this 
contraction is immediately (Steinach), or in a fraction of a second 
(Fuchs), succeeded by a dilatation, which is complete (Piltz) in 3.1 
seconds after the moment of stimulation and 1.2 seconds after the 
maximum of contraction has been reached. This dilatation is followed 
by a second contraction, complete in 2 seconds (Piltz) after the dilata- 
tion. This contraction is in turn followed by a number of small oscilla- 
tory dilatations and contractions until the “final size” (Fuchs), which 
represents a relative degree of rest, is reached. This “‘final size’’ of 
the pupil, however, is not definitive, for it is followed, if the illumination 
is not very intense, by a dilatation, the size of the pupil gradually in- 
creasing for from 3 to 4 minutes, until it reaches a size characteristic 
for the state of adaptation. Upon this pupil size are superposed the 
small oscillations referred to above. In other words, there is a difference 
between the size of the pupil just after an abrupt increase in light 
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intensity and after the eye has been illuminated for some time with this 
same intensity. It would seem from Reeves’ results and from my own 
that the time relations of Piltz and others do not hold for all light 
intensities. 

It is of course clear that if the pupillomotor effects of different wave- 
lengths of light are in proportion to their apparent brightness, dark 
adaptation together with a decrease in intensity will bring about the 
change in relative effectiveness exhibited in Purkinje’s phenomenon. 
The curve in figure 2 for the dark adapted eye in dim light clearly shows 
this to be the case. But there is an effect of adaptation on the relative 
stimulating values of spectral lights which is independent of change in 
intensity. Purkinje’s phenomenon depends upon two factors: dark 
adaptation and stimulus intensity. An increase in sensitivity takes 
place during dark adaptation, that is to say, a light intensity which 
causes in a light adapted retina a certain amount of contraction, will 
cause in a dark adapted retina a greater amount of contraction. The 
reverse of this is seen in the fact mentioned above, that in an eye illumi- 
nated by a certain constant intensity, the pupil, after the primary 
contraction, enlarges to a certain constant size characteristic of the 
adaptation. At the same time the relative effectiveness of the wave- 
lengths is altered, the maximum being shifted to shorter wave-lengths. 

Abelsdorff (9) called attention to the fact that in the equivalence 
between sensory effect and pupillomotor action, there is not only an 
increase in pupillomotor effect when the intensity is increased, but also 
that when the intensity is kept constant, the colors, although of the 
same energy, have a pupillomotor effect in accord with the adaptation 
of the eye. An increase in sensitivity in dark adaptation for high in- 
tensity was also demonstrated by Feilchenfeld (18). By comparing 
threshold lights as to their relative brightness and reducing them during 
dark adaptation so that they were apparently equal, one eye being dark, 
the other light adapted, he found that dark adaptation alone, keeping 
the intensity constant, caused the apparent brightness to change. 
Hering also demonstrated that in dark adaptation the luminosity values 
of lights of equal brightness (same intensity) by direct fixation, appear 
very unlike in luminosity on indirect fixation. Further, that the bright- 
ness of a blue became greater than that of a red as dark adaptation was 
continued, although the intensity remained constant. Bender (19) 
noted that, while wave-lengths 540 to 550 my in an equal energy spec- 
trum are most efficient to the light adapted eye, 530 my is the most 
efficient when the eye is dark adapted for 30 seconds (although the 
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objective intensity of the spectrum is the same). Bender has further 


shown that the typical rod visibility curve may be obtained by stimu- 
lating the peripheral retina without changing the intensity of the light 
and involving merely an incomplete dark adaptation. Nagel (Helm- 
holtz, Handb. d. physiol. Optik) also calls attention to the difference 
between the appearance of a spectrum of the same objective intensity 
to the light and dark adapted eye. The same thing has been noted 
by Hess (20). 

A further consideration has to do with the parts of the retina the 
stimulation of which will start the pupillar reflex. Abelsdorff and 
Feilchenfeld (21) investigated the question as to the portion of the retina 
from whence the pupillomotor reaction may be most easily elicited as 
well as the influence of varying intensity and size of surface stimulated. 
It is usually accepted that the effect is greatest when the fovea, or near 
it, is stimulated. Abelsdorff and Feilchenfeld found that the decrease 
in reflex irritability in going toward the periphery is less in the dark 
adapted than in the light adapted eye. The distribution of brightness 
in the spectrum agrees with the motor values in both conditions of 
adaptation. Such results indicate that the pupillar reaction must 
take place in response to stimuli which are below foveal threshold, and 
that the peripheral parts of the retina are therefore also capable of 
initiating the reflex. Sachs (22) likewise demonstrated that extrama- 
cular regions of the retina give rise to pupillar reactions. Weve (23) 
believes that only a small region at the fovea, not more than 3 mm. in 
radius, has any pupillomotor function. But Engelking (13), using 
threshold values, has shown that both rods and cones are effective. 
There is no doubt that under the influence of dark adaptation retinal 
reflex excitability in going to the periphery diminishes less rapidly than 
in the light adapted eye. Engelking’s curve showing the relation 
between threshold intensity and pupillar contraction resembles that 
for the relation between intensity of light and visual acuity for rod and 
cone vision. His results lead to the conclusion that the pupil reaction 
isprimarily and more easily elicitable from the cones, but that the 
stimulation of the rods also gives rise to it. 

And finally Smith (24) in a discussion of night blindness inclines to 
the view that the pupillar reaction to light is through the periphery 
of the retina and practically not at all through its central portion. 

The transmission of the ocular media, especially the yellow spot, 
is highly selective in the blue and violet. The question as to whether 
it is necessary to correct for this must be considered. If the correction 
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is not made, the values represent the effects of radiation impinging upon 
the whole eye, while correcting for the selective absorption traces the 
stimulus to the retina. The eye media, excluding the yellow spot, 
transmit the visible and infra red rays in the same manner as like 
thicknesses of water (25). For correcting for the influence of macular 
pigmentation, the results of Abney (26) or the correction given by 
Troland (27) are available. 

Coblentz and Emerson (28) found that correcting the average visi- 
bility curve, with its maximum at 557.6 mu for selective transmission of 
- the ocular media including the yellow spot, produced a symmetrical 
curve with a maximum at 556 mu. The entire curve is shifted to the 
blue end of the spectrum but more so on the blue side of the maximum 
than on the red side (see also Troland (27) and Priest (29)). 

Hecht and Williams (30) in a comparison of rod and cone visibility 
have corrected the curve of Hyde, Forsythe and Cady (31) for the 
differential absorption of macular pigment. They take the maximum 
at 554 my (the authors give it as being at 556 mu, with an uncertainty 
of 3 mu). Hecht and Williams find that there is an average difference 
of 48 my between this cone visibility curve and their rod visibility curve. 
This difference becomes 39 mu when the correction for macular absorp- 
tion is made. They find, as others do, that the curve is made more 
symmetrical, but also that the maximum is moved from 554 my to 540 
my which is not in agreement with the results, for instance, of Coblentz 
and Emerson, of Troland and of Priest. I-have applied the correction 
to the average visibility curve of six subjects and find that the maximum 
is shifted but little (558 my to 554 my) while the entire curve is shifted 
to the blue, but more so on the blue side of the maximum than on the 
red side. The correction has also been made on the foveal pupillmotor 
curve. This will not be given now, as it will be published later in 
connection with the visibility curves just mentioned. 

The pupillar curves for bright light for the dark and light adapted 
eye indicate that in blue light fluorescence takes place in the eye media. 
These fluorescent rays exert an effect on the pupil, perhaps directly, 
as indicated by the rise in the curve. Visibility curves, and this again 
applies to those made in this laboratory with apparatus similar to that 
used in the pupil work, do not show this fluorescent effect, perhaps be- 
cause the increase in energy is too slight to stimulate the retina, although 
it exerts an effect upon the iris. This view is strengthened by Hertel’s 
results on animals in which the optic nerve has been cut. Using an ~ 
equal energy spectrum, he finds the maximal pupillomotor effect at 
wave-length 398 mu. 
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This brief discussion will be sufficient here. In forthcoming papers, 
on visibility of radiation at high and low intensity and on the bleaching 
of visual purple, these matters will be gone into in more detail. It is of 
interest that the study of the pupillomotor reactions in spectral lights 
of equal energy offers a method of comparison between the visibility 
of radiation of the light adapted and of the dark adapted eye. By 
visibility is meant the relation between luminous sensation and 
radiant energy, or the relative sensibility of the eye to light of different 
wave-lengths in an equal energy spectrum. Curves showing the 
relative stimulating effects of spectral lights on the pupil may be termed 
motor visibility curves, and they are comparable with the visibility 
curves obtained by photometric methods, now numerous, for high 
intensities. Hitherto the only available rod visibility curve of any 
accuracy has been that given by Nutting (32), based on a recalculation 
of Koenig’s data. The recent and very welcome work of Hecht on the 
low intensity visibility curve gives us a means of comparing the pupillo- 
motor curve of the dark adapted eye with another rod visibility curve 
based on accurate measurements. On the whole the curves are similar. 
As above mentioned, the details of such comparisons are reserved for a 
later time when our own visibility curves are available for publication. 

THE PUPILLOMOTOR REACTIONS OF THE PIGEON. Owing to the almost 
incessant and rapid oscillations of the pigeon’s pupil the determinations 
were made with the utmost difficulty. The iris of the bird consists of 
cross striated fibers under voluntary control. At frequent intervals 
the pupil makes spontaneous movements, connected with movements 
of the nictitating membrane, eyelids and eyeball. Obtaining photo- 
graphs was particularly difficult. Series of exposures were run on the 
light adapted eye in bright light, on the dark adapted eye in dim light, 
and on the dark adapted eye in bright light. 

By taking photographs at 34 second intervals it was determined that 
the maximal contraction of the pupil is over in from } of a second to 1 
second; that is to say, the degree of contraction for a particular light is 
complete in that length of time. 

Light adapted eye, bright light. These results are shown in table 3, 
column 3 and in figure 4. The maximum effect is at wave-length 
564.1 my the curve falling slightly more rapidly to the red than to the 
blue end, terminating at 704.2 mu and 424 muy respectively, giving a 
rather broad curve. 

Dark adapted eye, dim light. It is necessary to dark adapt the pigeon 
for at least 45 minutes in order to demonstrate any effect of adaptation. 
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The curve of the dark adapted eye is narrower than that of the light 
adapted eye, see column 5, table 3, and figure 4. The spectrum is 
shortened at the red end terminating at 664.5 my but not so at the 


TABLE 3 


Relative pupillomotor values of wave-lengths of equal energy content for the pigeon 


LIGHT ADAPTED, DARK ADAPTED, DARK ADAPTED, 

| BRIGHT LIGHT DIM LIGHT BRIGHT LIGHT 

Pupil size stimulating Pupil size stimulating | Pupil size stimulating 

| value value value 

mp mm mm mm. 

424.0 5.6 X 5.6 5.6 X 5.6 
434 .0 5.5 X 5.6 2.1 5.6 X 5.6 5.5 X 5.5 4.1 
444.0 5.5 X 5.5 4.2 5.5 X 5.6 2.4 | 5.4 X 5.5 5.9 
454.0 5.4 X 5.5 6.3 5.3 X 5.4 11.9 5.3 X 5.5 | 8.2 
464.3 5.2 X 5.4 |} 58X52 23.3 | 5.2 X 5.4 12.2 
474.3 |5.0X5.2| 20.2 | 46x49 38.4 |4.9X5.1| 23.2 
484.0 | 4.7 X 4.9 | 35.1 4.3 & 4.5 52.4 4.5 X 4.7 7.9 
494.3 | 4.2 4.4 48.6 | 3.94.1 69.6 | 50.9 
504.5 3.7 X 3.9 63.8 3.3 X 3.5 86.3 | 3.6 X 3.8 | 65.6 
514.3 3.3 X 3.5 120X332 06.7 1.3.1 X 3.3] 78.4 
524.5 2.9 X 3.1 $4.4 2.8 X 3.0 100.0 2.6 X 2.8 | 89.3 
534.3 2.6 X 2.8 90.8 3.1 X 3.3 92.0 2.2 X 2.4 | 96.7 
544.2 | 2.4 X 2.6 94.7 | 3.5 X 3.7 80.2 | 2.02.2 | 100.0 
554 .2 S2XSS | 98 .3 4.0 X 4.2 63 .4 2.3 X 2.5 94.9 
564 .1 2.1 X 2.3 100.0 4.5 X 4.7 | 44.9 2.7 X 2.9 87.3 
574.2 2.2 X 2.4 98.3 | 4.8 X 5.0 | 32.1 3.2 XK 3.4 76.0 
584.4 3.8 % 3.7 93.1 5.0 X 5.2 23.3 3.8 X 4.0 59.9 
594.5 3.0 X 3.2 82.0 5.2 x 5.4 14.3 4.2 K 4.4 47.8 
604 .2 3.5 X 3.7 69.4 5.3 X 5.4 11.9 4.4 X 4.6 41.2 
614.5 3.9 X 4.1 57.9 5.4 X 5.5 | 7.2 | 4.6 X 4.8 34.4 
624.4 4.4 X 4.6 41.9 | 5.5 * 5.5 4.8 48X5.1| 25.5 
634.7 4.7 xX 4.9 31.0 | 5.5 X 5.6 2.0 5.0 X 5.2 19.8 
644.0 5.0 X 5.2 20.2 5.5 X 5.6 2.0 5.1 X 5.3 16.0 
654.0 5.2.x 5.4 12.4 5.5 X 5.6 | 2.0 | 5.2 X5.4 12.2 
664.5 | 5.3 & 5.4 | 8.7 | 5.6 X 5.6 5.3 x 5.4 10.2 
674.3 5.5 X& 5.5 4.2 5.4 X& 5.5 5.9 
684.0 5.5 X 5.6 2.1 5.5 X 5.5 4.1 
694.5 D.5 X 5.6 2.1 5.5 & 5.6 2.0 
704.2 5.6 X 5.6 5.6 X 5.6 


blue end. Furthermore this relative effectiveness of the various 
wave-lengths is decreased on the red side of the maximum and increased 
on the blue side, as compared with the light adapted eye. 


| 
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Dark adapted eye, bright light. The stimulating values of the various 
wave-lengths at high intensity for the dark adapted eye are found in 
column 7, table 3 and in figure 4. The pigeon’s retina is primarily a 
cone retina and while in dark adaptation the sensitiveness of the rods 
as well as of the cones is increased, the overwhelming number of cones 
does not allow the effect of the adaptation of the rods to become so 
relatively apparent as in the human eye. (The reverse will be found to 
be the case in the alligator where the corresponding curve is more similar 
to that of the dark adapted eye, owing to the relative scarcity of cones.) 
But the maximum is nearer the blue than in the light adapted eye 


Fig. 4. The relative stimulating value of wave-lengths of equal energy content 
for the pupillar reaction of the pigeon. The ordinates represent relative stimu- 
lating value; the abscissae, wave-lengths in m 2; O—O— 0 light adapted eye, bright 
light; @—-@— @ dark adapted eye, weak light; x—x—x dark adapted eye, bright 
light. 


although the light is of the same intensity, and there is a decreased 
sensitivity on the red side as compared with the light adapted eye, 
although the spectrum extends just as far at the red end. The degree 
of sensitivity on the blue side is quite similar to that of the light 
adapted eye. 

These results show that adaptation takes place in the retina of a 
diurnal bird. This adaptation is only to be explained on the basis 
that the rods (of which the pigeon has a considerable number) (see 
vanGenderen Stort (33), Garten (34) and Hess (11)) come into action. 
(See Laurens and Detwiler (35).) 


AA 
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It is necessary to refer briefly to the arrangement of the retinal ele- 
ments in the pigeon. Although the retina of the pigeon has more 
cones than rods, yet the number of rods is by no means insignificant 
and they show a characteristic increase in length when the retina is 
illuminated (34). Hess (11) calls attention to the incorrectness of the 
view that the retina of day birds is made up of cones only. Van Gen- 
deren Stort (33) described three regions in the pigeon retina: the yellow 
field, the red field and the fovea in the yellow field. The yellow field 
is anterior and posterior to the pecten (which is in the lower temporal 
quadrant) and constitutes about ? of the retina. In it there are three 
kinds of cones, as well as rods, the latter being some what more than 
half as numerous as the cones. The red field occupies the superior 
temporal quadrant of the retina, and extends slightly into the superior 
nasal quadrant. It has an extent of 9 to 10 mm. horizontally, and 7.5 
to 8.5 mm. vertically, when the entire retina is about 20 by 20 mm. 
The red field is very rich in cones, but contains few rods, none in the 
middle of the field, but in increasing numbers toward the periphery. 
The fovea contains nothing but cones. In the fovea the cones are 
shortest and narrowest, while the central part of the red field they are 
largest. Van Genderen Stort regards the red field, particularly the 
center, as a second fovea. It is the portion of the retina most used in 
picking and the pupil is correspondingly eccentrically placed, being 
slightly anterior to and below the center of the iris. I do not know 
whether it has been recorded before that the pupil of the pigeon is not 
round, but oval, except when the iris is maximally dilated. Its long 
diameter is from 0.2 to 0.3 mm. greater than its shorter, and is approxi- 
mately parallel to the beak, or makes a sharp angle with it; but in the 
rapid movements of the eye-ball, this relative position is being contin- 
ually changed. 

It is clear that when a beam of light is thrown from the side on the 
pupil the image is formed on parts of the retina containing rods and 
cones, namely, a considerable portion of the yellow field and a small 
part of the red field. 

Hess (11) believes that in the light adapted eye the spectrum of the 
pigeon as well as of the chicken is shortened, as compared with man, 
at the blue end, while in the dark adapted eye it is lengthened. Watson 
(36), however, places the limits of the spectrum for the pigeon at 420 mz 
and 712 mu. 

A number of investigators have claimed that the retina of diurnal 
birds is incapable of being dark adapted. Piper (37), for example, 
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found that the maximum photo-electric effect in diurnal birds is at 
about 600 mu and in nocturnal birds at 535 my, but that the distribu- 
tion of effect in the diurnal birds is entirely independent of adaptation 
and intensity of light. Similar results have been obtained by Kohl- 
rausch (38). Honigmann (5) points out that a shortening of the spec- 
trum at the violet end for the light adapted chicken has not been proven 
and that in low intensities there is merely a relative shortening as 
compared to man. He has further definitely proven that dark adapta- 
tion takes place, the maximum being shifted blue-wards as compared 
with the light adapted eye, and characterized by an increase in sen- 
sitivity to the short waves. 

THE PUPILLOMOTOR REACTIONS OF THE ALLIGATOR. But little 
work has been done on this animal. Steinach (17) states that although 
the iris of the alligator, like that of other reptiles, consists of cross 
striated fibers, the pupillomotor reaction is not so quick as in other 
reptiles and the pupil shows no fluctuations in size. As far as the pupil- 
lar reactions to colored lights are concerned, the work of Hess (11) 
is the only one known to me. In Crocodilus he found that the pupil 
was smallest in the yellow and yellow-green. Observing the eye of the 
alligator as it was passed along through a spectrum, he noted that the 
pupil was narrowest in the yellow. 

The alligator is essentially a nocturnal animal. Its pupil is in the 
form of a vertical slit similar to that of the cat. It has a predominantly 
rod retina, although cones are fairly numerous (see Laurens and Det- 
wiler (35)). A fovea has been described in the form of a narrow super- 
ficial furrow with thickened edges, running across and quite close to 
the lower edge of the tapetum. From the center of the eye toward the 
lower pole the number of cones gradually increases until they are more 
numerous than the rods. 

Light adapted retina, bright light. The results are found in table 4, 
column 3 and in figure 5. The wave length of maximum stimulating 
efficiency is 544.2 mu and the effective spectrum terminates at 694.5 my 
and at 403.7 mu. In the blue the influence of fluorescence is observed 
as in man. 

Dark adapted eye, dim light. The effects of dark adaptation and 
stimulation by a weak spectrum are evident from a comparison of the 
curve for the dark adapted eye with that for the light adapted eye. 
The maximum is between 504.5 my and 514.3 mu. The effective 
spectrum is shortened at the red end, extending only to 644 my, while 
at the blue end it is not, and the sensitivity is relatively markedly 
increased. 
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Dark adapted eye, bright light. The reaction time was determined 
as in the case of the human and pigeon pupil and found to be approxi- 


TABLE 4 


Relative pupillomotor values of wave-lengths of equal energy content for the alligator 


LIGHT ADAPTED, DARK ADAPTED, DARK ADAPTED, 
BRIGHT LIGHT DIM LIGHT BRIGHT LIGHT 
— Relative Relative Relative 
Pupil size stimulating Pupil size stimulating Pupil size stimulating 
value value | value 
mm. mm | mm. 
398 .0 5.0 | 5.0 
403.7 4.9 3.7 5.0 | 4.9 2.4 
413.7 4.9 2.7 4.8 7.7 4.4 14.9 
424.0 4.7 8.1 4.7 11.5 4.0 23.8 
434 .0 4.4 16.2 4.5 19.2 3.6 33.7 
444.0 4.2 21.6 4.1 30.8 3.5 39.7 
454 .0 4.1 24.3 3.5 57.7 3.6 33.3 
464.3 4.3 18.9 3.1 73.1 2.6 57.2 
474.3 3.¢ 35.1 2.8 84.6 1.8 76.2 
484.0 2.8 59.5 2.6 92.3 1.4 85.7 
494.3 2.1 78.4 2.5 96.1 1.1 92.9 
504.5 89.2 2.4 100.0 0.9 97.9 
514.3 1.5 94.6 2.4 100.0 0.5 100.0 
024.5 1.4 97.3 2.5 96.1 0.9 97.9 
534.3 1.4 97.3 2.6 92.3 1.0 95.2 
544.2 1.3 100.0 af 88.5 1.2 90.5 
5A 2 1.4 97.3 2.9 80.8 1.5 83.3 
564.1 1.6 91.8 3.2 69.2 1.8 76.2 
074.2 1.9 83.8 | 3.6 53.8 2.3 64.3 
584.4 2.6 64.9 | 4.1 34.6 2.2 54.8 
594.5 3.1 51.3 4.5 19.2 3.2 42.9 
604.2 3.5 40.5 4.7 11.5 3.6 33.3 
614.5 3.9 29.7 4.7 11.5 4.0 23.8 
624.4 4.2 21.6 4.8 ae 4.2 19.0 
634.7 4.4 16.2 4.9 3.8 4.4 14.9 
644.0 4.6 10.8 4.9 38 | 4.6 9.5 
654.0 | 4.7 8.1 | 5.0 4.7 ee 
664.5 4.8 5.4 | 4.7 7.1 
674.3 | 4.8 5.4 4.9 2.4 
. 634.0 | 4.9 2.7 49 | 2.4 
6% .5 4.9 2.7 5.0 
704.2 5.0 | 5.0 


mately 2 seconds. The maximum wave-length is practically the same 
as for the dark adapted eye in dim light. But the curve as a whole 
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is shifted further to the red than is that of the dark adapted eye in 
dim light (see fig. 5). A fluorescent effect in the blue is again de- 
monstrated. The similarity between the dark adapted eye in dim and 
in bright light is particularly to be noted, due to the preponderant 
influence of the rods. This is contrary to the condition above men- 
tioned in the pigeon. 


Fig. 5. The relative stimulating value of wave-lengths of equal energy content 
for the pupillar reaction of the alligator. The ordinates represent relative stim- 
ulating value; the abscissae, wave-lengths in m 4; O—O—O light adapted eye, 
bright light; @—@—e dark adapted eye, weak light; x—x—x dark adapted eye, 
bright light. 


SUMMARY 


1. The pupillar reactions to wave-lengths in an equal energy spectrum, 
at high and low intensity, and for the light and dark adapted eye, have 
been studied in man, pigeon and alligator. 

2. The wave length of maximal effect at high intensity for the light 
adapted eye of man is 554.2 mu, for the dark adapted eye 534.3 my, 
and for low intensity and dark adaptation, 514.3 my. The correspond- 
ing wave-lengths for the pigeon are: 564.1 my, 544.2 my and 524.5 mu. 
For the alligator: 544.2 my, 514.3 my to 504.5 my, and 514.2 mu. 

3. The shift in the maximum when the state of adaptation alone is 
changed, leaving the intensity constant, demonstrates that a motor 
counterpart of the Purkinje phenomenon may be obtained by merely 
changing the state of adaptation. 
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4. The pupillomotor values are comparable with those of cone and 
rod visibility of radiation at high and low intensity. 

5. Dark adaptation is demonstrated in the pigeon, as an example 
of a diurnal bird. It requires at least 45 minutes. 

6. The pupillar reactions for high and low intensity for light and dark 
adaptation respectively for the pigeon and alligator, show the difference 
between a preponderant cone and a_ preponderant rod _ retina 
respectively. 

7. The reaction time of the human pupil is between 5 and 6 seconds; 
of the pigeon, } to 1 second; and of the alligator, approximately 2 
seconds. 
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The observations here reported on the equilibrium of Amblystoma 
grew out of an investigation started by one of us (Laurens) in the 
spring of 1919 at the request of Prof. R. G. Harrison. Doctor Harrison 
wished information concerning the development of functional activity 
for correlation with the structure of ears of larvae following transplan- 
tation and rotation of the ear vesicle in early stages of development. 
In order to obtain this physiological knowledge of the probable structure 
of the ear vesicle, the locomotion, reaction to rotation, etc., of normal 
Amblystoma, as well as of those from which one or both ears had been 
removed was investigated. In addition to studying the effects of 
removing the ear, the results of removing the eye, on posture, at rest 
and during locomotion, as well as on rotatory compensatory movement 
were observed.! 

All possible combinations of edrless and eyeless larvae were obtained 
by extirpating the rudiments of these sense organs from early embryos 
(stages 27 to 29, Harrison). Observations were made at frequent 

t These eye observations were made by Greene, who also separately repeated 
some of the observations on the ear in connection with another problem. 

The material used for study is taken from two different seasons and two sepa- 
rate operators (Harrison and Greene). The first animals were operated by 
Harrison and turned over to Laurens for study. The results obtained led the 
latter to suggest that a complete series of all possible eyeless and earless types 
be made. Although not all types of operations were represented in each of the 
four series, the 1921 series (Greene) was complete and representatives of every 
type were successfully reared through metamorphosis. These were demonstrated 
at the Christmas meeting of the Anatomists at Yale University, 1921. During 
the following spring additional operations were made in order to repeat certain 
observations, as well as to fill in a series of stages, sections of which are now 
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intervals, until some time after metamorphosis (6 months in many 
cases) for disturbances in equilibrium with the animals at rest, while 
crawling, swimming, alighting after slow and quick swimming, during 
and after horizontal rotation, and during and after tilting of the 
horizontal axis. 

No review of the literature dealing with the various phases of the 
functions of the parts of the labyrinth in equilibrium will be undertaken. 
The authors referred to are those whose work is most intimately con- 
nected with the specific problem of this communication. So far as we 
know the paper of Laudenbach (1) is the only work on a Urodele. 
Laudenbach removed the labyrinths (one or both) from larval and 
adult Siredon pisciformis. The typical results of swerving, rolling, etc., 
to the operated side following one-sided removal were obtained, being 
particularly striking in young individuals (6 to 10 months). In older 
animals (over a year) abnormal locomotion disappeared in 3 to 4 days 
after the operation, to reappear only upon stimulation. Laudenbach 
regards this disappearance of abnormal posture as due to a functional 
compensation on the part of the remaining labyrinth, since he obtained, 
upon later removing this, the typical phenomena of a double labyrinth 
extirpation. 

An extreme incoérdination was found by Laudenbach to follow re- 
moval of both ears, the animals swimming in circles, deviating hap- 
hazardly in all directions, and finally sinking exhausted to the bottom, 
coming to rest most often on their sides, but also upon their backs. 
Upon recovering from fatigue, a normal position was assumed. Such 
animals usually remain at rest unless stimulated. When they rise to 
the surface for air, they reach there only with the greatest difficulty. 
Their position at the surface is abnormal and conditioned by the 
specific gravity of the body. On the bottom they orient fairly well, 
due to the assistance of the tactile sense in the extremities. Crawling 
is awkward. Removing in addition the four limbs produced a com- 
plete incoédrdination. Obtaining (snapping for) and swallowing of 
food is markedly affected, and the food has to be pushed down into the 
esophagus. 

Laudenbach investigated the question of the importance of the 
otoliths in causing the abnormalities just reviewed. He removed the 
otoliths, leaving the semicircular canals intact, and found that the 
operation did not result in any disturbance of equilibrium or of loco- 
motion. He concluded, since the removal of the entire labyrinth re- 
sults in incoérdination, while that of the otoliths alone does not, that the 
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otoliths have nothing to do with equilibrium. Possibly, if Laudenbach 
had removed the semicircular canals alone, he might have obtained 
somewhat similar results. (See Maxwell (2).) Laudenbach, however, 
obtained similar results on the frog and states that without otoliths 
this animal is practically normal in its locomotion and gives typical 
reactions to rotation and tilting. 

Resutts. From observations on normal larvae it was ascertained 
that the ear begins to function as an equilibratory organ at stage 40 
to 41 (length 12to 14mm.). At this stage the balancers are completely 
formed, the eyes are movable, the gills well branched, and the fore- 
limbs just starting to bifurcate, although not yet functional. The 
swimming of the larvae is to all intents perfect and the animals are 
quite active, although the yolk persists for 5 to 7 days more, and it is 
generally 7 to 9 days before the mouth breaks through. 

Streeter (3) determined that the equilibratory function begins in 
frog tadpoles (R. sylvatica) at the sixth day of development, sections 
showing that the labyrinth then consists of a closed epithelial sac 
incompletely divided into compartments and possessing differentiated 
nerve endings which are connected with the brain. Herter (4) believes 
that the results following upon the removal of the labyrinth (in six 
species of Anurans) can be detected at an earlier stage than this in so 
far as locomotion is concerned. He observed, when tadpoles were 
rotated in water, that they gave characteristic reactions such as to 
cause them to swim in the direction opposite to that of the rotation. 
He gives no information concerning the stage when this reaction was 
first seen. He did, however, determine that the post-rotatory reaction 
was first elicitable at that state of development when the horizontal 
semicircular canals have been separated off, although only a part of 
the canal is in the form of a tube. 

Our notes show that in Amblystoma the post-rotatory reaction 
(described below) is not obtainable in larvae less than 20 mm. long, 
but is in those 23 mm. long. 

No determination was made on the larvae here studied as to the 
probable time when the eyes begin to function. Laurens (5) in a series 
of observations on the determination of the stage of development at 
which the melanophores first respond to light and darkness, demon- 
strated that the secondary responses of the melanophores, which are 
dependent upon the eyes, are first exhibited by Amblystoma larvae 
when they are between 17.7 and 18.4 mm. long, and that the larvae 
begin to feed when they are between 16.7 and 18 mm. long. Detwiler 


3 
’ 


EXTIRPATION OF EYE AND EAR IN AMBLYSTOMA EMBRYOS 123 


(unpublished results) has also demonstrated that the future cones in 
the retina of Amblystoma at stage 44, at which time the characteristic 
form of the rods has not yet been developed (see Detwiler and Laurens 
(6)), shorten in light and lengthen in the dark. 

OBSERVATIONS ON NORMAL AMBLYSTOMA: 4a. Resting posture. As 
above recorded, the labyrinth exerts no observable influence over 
equilibrium until stage 40 to 41 is reached. Before this period, although 
the animals have been free-swimming for some time (since stage 36), 
they come to rest after swimming in rather haphazard positions, that is 
to say, they may fall to the bottom on their sides, or backs, as well as 
come to rest on the ventral surface. This, however, is no longer the 
case after stage 40 to 41 has been reached. The animals now drop to 
the bottom symmetrically, poised on an even keel, and show the typical 
posture, with limbs symmetrically placed. 

b. Reactions to horizontal rotation and tilting. It is unnecessary to 
describe in detail the responses of normal Amblystoma to rotation in a 
horizontal plane around the dorso-ventral axis, since these reactions 
are similar to those of other vertebrates which have been described so 
often. Briefly, when an Amblystoma is rotated on a horizontal turn- 
table, it assumes a typical compensatory position with the head bent 
(at the neck) in the direction opposite to that of the rotation, with the 
arm on the side to which the head is bent sharply flexed at the elbow 
and adducted, while the other arm is sharply extended and abducted. 
The body and tail of the animal are also correspondingly curved to the 
side opposite that of the rotation. If the rotation is continued for 
some time, and at an appropriate rate of speed, the animal, at intervals, 
quickly jerks its head in the direction of the rotation back to approxi- 
mately the normal position, at which time the arms are placed symmet- 
rically, after which the animal again slowly assumes the compensatory 
position. 

When the turn-table is stopped rather suddenly, that is, not too 
slowly, the Amblystoma performs a typical post-rotatory compensatory 
movement. The head is slowly but decisively moved in the direction 
of the rotation, beyond the median line, with a slight flexion and adduc- 
tion of the forelimb on this side, and a slight extension and abduction 
of that on the other. This position, which may be kept for some little 
time, gradually gives way to the normal. 

In some cases the animal performs, during rotation, locomotor move- 
ments in a circle in the direction opposite to that of the rotation, fol- 
lowed by the post-rotatory reaction above described when rotation 
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is stopped. Again, however, the animal, when the rotation is very 
suddenly stopped, may actually make a locomotor movement in the 
direction of the former rotation. These reactions are given by larvae 
of all stages (after labyrinth function begins) and by adults. 

The larvae were, when rotated, placed in a small dish containing a 
minimum of water. This was to obviate the possibility of the water 
currents set up acting as stimuli. This was further controlled at 
various times by anesthetizing larvae in chloretone and then rotating 
them. The passive position assumed under these conditions can not 
be confused with the compensatory positions. The adults were placed 
in a dry dish when rotated. The animals were as nearly as possible 
placed in the middle (over the center) of the dish. It is worth while 
recalling that the relative position of the animal with respect to the 
axis of rotation, that is, as to whether it faces toward or away from this 
(7), or is even placed tangentially on the turn-table (8), does not in- 
fluence the direction of turning. The animal turns during the rotation 
in the direction opposite to that of rotation, and after rotation in the 
direction of the rotation. Herter (4) records that when tadpoles are 
placed on their backs they give the post-rotatory reaction just as they 
do when they are resting on the ventral surface. 

In order to see the movements of the eyes during and after rotation, 
the animals were observed under a binocular while being slowly rotated. 
To produce these eye movements in Amblystoma, the turn-table must 
be rotated very slowly so that movements of the head are not produced. 
If the rate of rotation is too fast the eye simply deviates during the 
rotation. Ivy (9) has recently reported these rotatory and post- 
rotatory movements for the frog. They are not always obtained in 
Amblystoma, but are present in a large percentage of animals, In 
general it may be said that as the rotation is continued the deviation 
of the eye in the direction opposite to the rotation increases up to a 
certain point, at which the quick component intervenes, and the eye 
is jerked back, apparently not quite to its normal position, and the 
process is repeated as long as the rotation is continued. A typical 
post-rotatory nystagmus (that is, a slow deviation in the direction of 
the former rotation, with a quick return to the normal position) was 
not, it is believed, ever seen. Certain post-rotatory eye movements 
were observed, and these will be recorded. In some cases when the 
turn-table is suddenly stopped, the eyes are observed to be in the char- 
acteristically deviated position, which position is retained for a few 
seconds and then the eye is quickly jerked back to the normal position. 
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In others, when a more rapid rotation is stopped, the eyes are immedi- 
ately snapped back to the normal position. Again, just after a slow 
rotation is stopped, the eyes are jerked in the direction of the rota- 
tion, but beyond the normal position, from which they are slowly re- 
turned to the normal; or they may be simply jerked back to the normal 
position. The eye movements of adults are similar to those of larvae. 
These differences in the post-rotatory eye movements are due to the 
suddenness with which the rotation is stopped. 

The attempt to separate the head and eye deviations of Amblystoma 
caused by labyrinthine stimulation from those due to the stimulation 
of moving retinal images was not always successful. Loeb (10) found 
by surrounding the lizard Phrynosoma with an Gpaque cylinder, or by 
closing the eyes, that the compensatory movements of the head during 
rotation can be considerably diminished. Further, if the eyes of the 
lizard are closed and the animal rotated very slowly, the rotatory 
compensatory motions of the head and body are very slight, while the 
post-rotatory compensatory motions are powerful. When the eyes 
are open the reverse is obtained,—strong rotatory motions and slight 
post-rotatory. In some cases this is also found to be the case in Ambly- 
stoma, when the dish containing the animal is placed in another with 
high opaque walls. The post-rotatory movements of the head and 
eyes are very marked, being far beyond the median line, with a slow 
return to the normal position, while the movements during rotation 
(deviation and quick return) are very slight. 

The slow deviation of the eyes of Amblystoma does not seem to be 
markedly influenced by moving retinal images, but to be chiefly con- 
trolled by the labyrinths. When the animal is surrounded by an 
opaque wall and rotated slowly, the eye movements seem to be, on the 
whole, similar to those above described. In some cases, however, 
there were no movements of the eyes to be seen during rotation, but 
when the rotation was stopped there was a sharp jerk of the eyes in the 
direction of the rotation. 

The adults show a very typical reaction when they are slowly inclined 
from the horizontal. When the dish containing them is so tilted as to 
raise slowly the anterior end of the animal it responds by lowering the 
head until, as the tilting continues, it touches the bottom, raising the 
elbows (flexion) and finally climbing up the inclined plane. If the 
posterior end of the animal is raised, the reaction consists in a raising of 
the head, an extension of the arms until the animal either backs up the 
inclined plane, or turns around and climbs up. 
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When the container is tilted sideways, the animal reacts by rotating 
the head as if in an attempt to keep the horizon level (the eye move- 
ments were not studied) while the limbs on the upper side are flexed 
and those on the lower side extended. At intervals the lower extended 
forelimb executes ‘“pawing” movements (of alternating extension and 
flexion) as if seeking a higher support. 

OBSERVATIONS ON ANIMALS DEPRIVED OF ONE EAR VESICLE: 4. 
Resting position. Some of these animals may at times, particularly 
at rest, appear perfectly normal with no apparent head deviation and 
‘torsion, and no asymmetry in limb posture. Nevertheless, the posture 
of such animals is throughout life a clear diagnostic indication as to 
which labyrinth has been removed. The head is bent at the neck 
toward the operated side, and exhibits a torsion toward this side. The 
arm on the operated side is flexed at the elbow, while the other is 
extended. The body is thus tilted in the same manner as the head 
(clearly indicated by observing the dorso-caudal fin) and shows a 
pleurothotonus with the concavity on the operated side. This abnormal 
posture complex is most obvious just after locomotion (swimming) has 
ceased. By drawing the animal up into a large pipette and gently 
releasing it into the water, it may be seen that as the animal sinks the 
body is inclined to the operated side with a flexion of the forelimb on 


Plate I. Somewhat conventional views of each type of larva at approximately 
80 days of age. The upper figure of each pair represents the anterior view of the 
operated specimen in its most normal resting posture. 

The plus and minus‘signs above and to each side of the head indicate whether 
each respective ear is present or absent. 

The same signs below the head record the presence or absence of the eyes. 

Continuous arced arrows denote the direction of list during rest or crawling; 
while the dotted arcs, when present, denote the direction and amount of rolling 
to which the animal is commonly subject during swimming or lunging motions. 

3oth ares are indicative of the abnormal posture of the animal in relation to 
vertical and horizontal planes passing through the long axis of the head, and the 
demarcation of the dorsal portion of the caudal fin indicates whether or not the 
body list is equivalent to that of the head. 

The lower figure of each pair shows the same type as seen from above, to illus- 
trate more clearly the posture of the entire body at rest, after crawling or swim- 
ming. Here the plus and minus signs are placed near the eyes and ears to indicate 
their respective presence or absence; and the arrows at the anterior end of the 
animal show the deviation from a straight normal path during locomotion. The 
supplementary arced lines indicate here, as in the above diagram, the list or roll 
of the animal on its long axis during locomotion. Where such lines are con- 
tinuous they represent the ruling tendency, while dotted lines indicate that the 
denoted deviation is commonly recurrent but not always involved. 
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that side and extension on the other. (Plate I, fig. 2; plate II, figs. 2, 3, 
4, A, B, C, D, E, F, G; plate III, fig. 114.) 

b. Locomotion. Just as in posture, the locomotion of these animals 
may, at times, be apparently normal, yet for the most part the manner 
of locomotion is indicative of a disturbed equilibrium and is a diagnostic 
index of the side of the lesion. The animals usually swim on the 
operated side with emprosthotonus (or slightly tilted to this side) and 
either swerve slightly toward the normal side, or circle about the normal 
side as a center. They may, however, also roll over to the operated 
side on their backs when swimming and thus continue rotating on the 
long axis and swimming to the good side. The latter is particularly 
characteristic of vigorous locomotion, whether spontaneous, or the 
result of tactile stimulation. To quote from notes on one observation 
(AV62), ‘At rest apparently normal; swims on right side, swerving con- 
stantly to left; as comes to rest shows marked twisting and bending of 
head to right’ (the right ear vesicle had been removed). Again (AV71) 
“At rest apparently normal; spontaneous locomotion seems normal, 
but when stimulated turns over on right side, swerves to the left; 
if swimming is very rapid, circles to the left.’’ A rather marked opistho- 
tonus sometimes causes these animals to swerve toward, or to circle 
about, the operated side. 

If an animal is observed during a swim upward to the surface for 
air, it is seen, as it comes up on the slant, to roll over to the operated 
side, to swerve to the normal side and to rotate around the longitudinal 


Plate II. Photographs of living animals in typical resting postures. 

Where not specifically mentioned the photographs are each taken from a focus 
perpendicular to the horizontal plane upon which the animal is poised, after 
immediately precedent locomotion (crawling or swimming). 

Fig. 1. Normal adult of about 9 months. 

Figs. 2 and 3. Larvae of eighty days from which the left and right ears respec- 
tively have been taken in the tail-bud stage. 

Fig. 4. Adult of eleven months, lacking its right ear. Anterior view. 

Fig. 5. Normal adult of same age as figure 4. Anterior view. 

Figs. A, B, C, D, E, F and G are various earlier larval stages of the single-ear 
extirpation type showing the variety of abnormal postures of rest assumed. 
That picture labelled A in the series is approximately the embryonic stage at 
which balance is definitely acquired. Picture F is a case where the right ear is 
lacking, while all the rest were operated upon the left side. 

Figs. 6, 7 and 8 are of the type lacking both ears, and represent common postures 
assumed. 

Figs. 9 and 10 are of the type lacking both eyes; 9 is a 90-day larva, while 10 is a 
young adult. 
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axis to the operated side until it reaches the surface, which it may do 
on its back. Having taken a gulp of air it slowly sinks, exhibiting the 
abnormal deviation described above which becomes more pronounced 
as it strikes bottom. Larvae, when crawling along the bottom, and 
adults exhibit the tilting (deviation) and swerving toward the operated 
side. 

c. Reactions to horizontal rotation and tilting. The compensatory 
movements during rotation and immediately after its cessation are 
typically different from those exhibited by normal Amblvstoma. When 
the direction of rotation is toward the operated side, the compensatory 
movement of head, limbs and body is slight. It may, in certain cases, 
not carry the posture back to the normal and hardly ever carries it to the 
side opposite the direction of rotation. In many cases there is no com- 
pensatory movement observable. In those cases where a rotatory 
compensatory movement of deviation is present, the quick jerk back 
in the direction of rotation and beyond the median line is very decided, 
the head (with the characteristic limb position) being held deviated in 
this direction for some seconds. The animals, under these conditions, 
often make circular movements drawing themselves over by the flexed 
arm. The post-rotatory movement is also very decided. The reverse 
is true when the direction of rotation is toward the normal side; the 
rotatory compensatory movements are very extensive, the head and 
body being deviated and bent far over to the side opposite that 
of the direction of rotation (the side lacking the labyrinth), with 
the corresponding limbs flexed (adducted) and extended (abducted) 
respectively. But the quick component of the compensatory reaction 
is hardly ever present, and when observed is but slight. The post- 
rotatory movement is weak, and often absent, the deviation to the 
side of the rotation (the side lacking the labyrinth) persisting for some 
time, until the animal moves, either spontaneously or as a result of 
mechanical stimulation, when the deviation may be decreased. It is 
in the cases where the resting compensatory posture (deviation) is 
particularly marked that the compensatory motion during rotation 
toward the side lacking the labyrinth is noticeably absent. The same 
is true of the post-rotatory motion when the direction of rotation is 


toward the side possessing the labyrinth. 

When such an Amblystoma is rotated in a dish with opaque walls 
so that the excitation due to moving retinal images is removed, the 
differentiation between visual and labyrinthine stimulation is particu- 
larly clear, as it is superimposed on the effects due to the absence of 
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one labyrinth. When the direction of rotation is toward the operated 
side, there is but slight, in most cases no, compensatory movement 
toward the side opposite the direction of the rotation, the head, etc., 
often being kept deviated to this side, that is, toward the side without 
the labyrinth. The post-rotatory reactions, however, are most striking, 
the deviation, tilting, etc., to the operated side (the direction of the 
rotation) being very great, so that the animal actually falls to this side. 
When the animal is rotated toward the normal side, there is a decided 
compensatory movement directed to the opposite side. It is, however, 
not so great as when the opaque walls are not present. The post- 
rotatory compensation was hardly ever observed, and was but slight, 
when it occurred. 

The ocular responses to rotation are in general similar to those 
observed for normal animals. Each labyrinth influences the eyeball 
rotations of both eyes, and when one is removed there is still binocular 
movement. But there is evidence of a differential reduction in tone 
of the ocular muscles, for in some cases when the direction of rotation is 
to the operated side, the eye deviation is slighter than when it is to- 
ward the normal side. Furthermore, when the direction of rotation 
is to the normal side, the eyes sometimes do not snap back from their 
deviated position (toward the opposite or operated side) until some time 
after the cessation of rotation, while when the rotation is toward the 
opposite side (that is the operated side) the post-rotatory jerk back to 
the normal position takes place immediately upon the cessation of 
rotation. The post-rotatory jerk, when the rotation has been toward 
the normal side, sometimes follows only after an appreciable time, its 
beginning being indicated by a fine tremor of the eye-balls, which are 
then snapped back to the normal position simultaneously. The most 
pronounced post-rotatory effect is also observed when the rotation has 
been toward the operated side. 

Removing the stimulating influence of moving retinal images is in 
agreement with the above description of the rotatory and post-rotatory 
ocular movements. That is, they are slight during rotation, sometimes 
not apparent, but very decided when the rotation is stopped and 
particularly so when the direction of rotation has been toward the 
operated side. 

The reactions of the adults to horizontal tilting are characteristically 
abnormal. When the container is so tilted that the anterior end of the 
animal is raised, it responds by lowering its head, during which the 
deviation and tilting to the operated side are preserved. As the tilting 
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is continued, the animal sooner or later begins to crawl up, swerving to 
the operated side, the forelimb on the operated side never being ex- 
tended so much as the arm on the normal side. When the container 
is so inclined that the posterior end of the animal is raised, the animal 
raises its head, extends its arms not so much on the operated side as 
on the normal side, the head and body thus deviating and tilting to the 
operated side. As the dish is more and more inclined the animal be- 
gins to back and as the grade increases it finally turns sharply to the 
operated side, sometimes falling over on this side. 

If the dish is tilted over to the normal side of the animal, it is not 
until the tilt of the dish has exceeded 45° that there is any further 
apparent compensatory movement on the part of the animal because 
the head and body are already inclined to the opposite or operated side, 
with the arm on this side markedly flexed, and the other extended. 
At a greater tilt than this, however, the head is listed further over to 
the operated side, the arm on this side flexes more while the other is 
alternately and rhythmically extended (and abducted) and _ flexed 
(and adducted) as if seeking for a new and higher support. When the 
dish is tilted over to the operated side, the animal seems to be incapable 
of bringing its head to a new horizontal level. The characteristic 


“pawing”’ for support does not take place since the influence of the 
labyrinth on the extensors of this side is absent, and the animal simply 
rolls over. 


OBSERVATIONS ON ANIMALS DEPRIVED OF BOTH EAR VESICLES: 4. 
Posture. (Plate I, fig. 3; plate II, figs. 6, 7 and 8.) Although such 
animals both in the larval and adult stages may be found in apparently 
normal postures, yet it is only by chance that they come to rest in a 
normal position after locomotion. These animals can be observed to 
come to rest Just as often on their sides or backs, remaining thus for a 
considerable period of time, although sometimes when they fall on their 
back jerky swimming movements are made until an upright position on 
the bottom is assumed. This is particularly true of the younger larvae 
(less than 33 to 40 mm.). Older larvae do not continue long in an 
abnormal position, but turn with a quick flip to the right or to the left. 
The length of time that an animal would remain in an abnormal posture 
without struggling was noted in different individuals, and showed that 
no position seemed more “comfortable” to them than another. 

Even after metamorphosis the adults were sometimes found lying as 
if dead upon their backs when the rounds for feeding were made; and 
only a jarring of the dish, introducing of food or the application of 
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strong light would serve to disturb them into active and incoérdinated 
struggling. On the other hand, placing an adult on its back was in 
many cases followed by an inevitable quick and precise turning over. 

If a larva is observed in the normal position on the bottom, the fore- 
limbs are seen to be held in a strikingly abnormal position hanging 
limply down or back with the palmar surface often upward. 

b. Locomotion. Walking is in the nature of a clumsy and incoordi- 
nated rolling or lurching. In swimming the animals swerve to right and 
left, or up and down indiscriminately, as well as spiraling and circling 
to either side and somersaulting, thus leading up to the abnormal 
positions of rest described above, sometimes falling on their heads, 
from which they either drop to an abnormal position or start off again 
spiraling. The body is in emprosthotonus nearly all the time, particu- 
larly during swimming movements. The lunging after and seizure of 
food is peculiarly clumsy. They may approach food (for example, 
a bit of writhing earthworm) by stalking movements which are fairly 
normal (particularly in older larvae) though exhibiting a weakness 
which causes them to fall over to right or left, but when the final lunge 
is made the food is seldom caught on account of deflections to the side 
or upward and a rolling over. When the food is secured, the animal 
rolls on, landing most often on its back where it chews and swallows. 
The eyes, however, make it possible for the animals to approach a 
moving object, such as a bit of food, fairly accurately. 

Magnus (11) describes a somewhat similar condition in the monkey 
from which both jabyrinths have been removed. In springing the 
animal is entirely dependent upon its eyes, the other receptors which 
enable it to compensate for the loss of the ears, being no longer stimu- 
lated as they are when it stands. Before springing the monkey measures 
the distance and direction of its objective, and after practice the act 
of springing is carried out with considerable accuracy, but during a 
sudden and unexpected movement in the air, the monkey is incapable 
of coérdinating. 

The feeding reactions of adults may be referred to. When a bit of 
-arthworm, held in a pair of forceps, is offered to one of these animals, 
in contrast to the responses of normals, the snapping movements are 
peculiarly incoérdinated. The animal sees the food and snaps for it; 
but its lack of labyrinthine tone is such that the snapping movements 
lack direction, and the bit of worm is missed more often than not. 

The walking of adults is often almost normal until they are fatigued, 
when they twist and roll from side to side. When placed in water they 
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swim with no more coérdination than they did as larvae. Such larvae 
hold their heads bent downwards in stalking prey along the substratum, 
and their swimming movements are characteristically the result of 
this emprosthotonus, a dolphin roll or forward somersault being the 
main feature of each spontaneous dash through the water. As adults 
their emprosthotonus becomes less marked in the resting position, 
probably due to the increased relative weight of the body upon the 
limbs, but on post-mortem examination of the preserved animals it 
was noted that in every case of this type the animal had been killed 
and fixed in a marked emprosthotonie posture. This was also found, 
but to a less exaggerated degree, in those deprived of one ear, while 
in normal animals such a curvature is rare, although not without excep- 
tion. Whatever may be the weight of such an observation, it is inter- 
esting that only in animals where the ears alone were extirpated was 
there any fixed regular curvature when the animals were dropped into 
killing fluid. 

c. Reactions to rotation and tilting. The animals show no compensa- 
tory movements; rotatory and post-rotatory, of head, limbs or eyes, 
when subjected to rotation on a horizontal turn-table. When tilted out 
of the horizontal the animals simply slip or fall over after a certain 
angle of inclination has been passed. 

In addition to studying the effects on equilibrium and compensation 
of the loss of one or both labyrinths, the results of the partial and com- 
plete loss of sight were investigated, alone and combined with the loss 
of one and of both ears. 

OBSERVATIONS ON ANIMALS WHICH HAVE BEEN DEPRIVED OF ONE 
EYE. (Plate I, fig. 4.) The following is a brief description of the 
posture at rest, during and just after locomotion of this type of animal. 
Walking and swimming seem almost perfect. The only abnormality 
is a slight list of the head to the side bearing the eye, which is marked 
when the attention of the animal is drawn to the substratum in the 
vicinity of food. This list is considerably less than 45° (the typical 
amount of list toward the earless side) and is hardly noticeable in 
swimming and crawling, or in the planing-glide following the character- 
istic swimming lunge which terminates in the typical resting position 
on the bottom of the dish. The poised and rigid posture of this 
planing is peculiarly characteristic of the swimming Urodele larva and 
generally brings out any deficiency of balance in the animal. 

OBSERVATIONS ON ANIMALS WHICH HAVE BEEN DEPRIVED OF BOTH 
EYEs. (Plate I, fig. 5; plate II, figs. 9 and 10.) There is no observable 
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loss of balance at rest, nor during crawling and swimming. The list 
occasioned by the lack of one eye is removed by the loss of the other. 
The growth of larvae deprived of one or of both eyes is slightly retarded 
(due to the operation and its healing) but shows at stage 41 a perfect 
equilibrium. 

The early larvae deprived of one eye tend to lie on the operated side, 
but upon attaining the use of the ears they right themselves and deviate 
from the normal and balanced posture only when stalking food. At 
such times the head is tilted toward the eye side to bring the eye into 
more direct apposition to the substratum. 

Of seven animals in which both eyes were successfully extirpated 
(i.e., no regeneration of either eye), the records show that, although 
balance became perfected at approximately the usual developmental 
stage, in feeding these larvae often overshot the mark. The four of these 
animals that reached metamorphosis exhibited marked opisthotonus 
when excited. When food was laid in front of them they invariably 
craned their heads above it, frequently walking over and past it. They 
also attempted to climb the walls of the dish. 

A picture of an adult of this type (see plate II, fig. 10) shows the 
animal holding its head high with the entire body raised from the 
ground. 

One animal in which both eyes were extirpated, but in which one 
regenerated so as to form a lens and cornea and to be apparently func- 
tional, was recorded as showing a slight list during stalking toward 
the side of the regenerated eye, and to have straightened out gradually 
from its former marked opisthotonus as the regenerating eye became 
complete and supposedly functional. 

OBSERVATIONS ON ANIMALS DEPRIVED OF ONE EAR AND OF ONE EYE, 
ON OPPOSITE SIDE. The general posture (see plate I, fig. 7; plate ILI, 
figs. 11C and 12) is an exaggerated form of that assumed by the animals 
from which one ear has been removed, that is a deviation toward the 
earless side. This is true at rest, as well as during and just after loco- 
motion, both in larvae and adults. 

OBSERVATIONS ON ANIMALS DEPRIVED OF ONE EAR AND ONE EYE ON 
THE SAME SIDE. At first glance such an animal appears normal in 
posture when at rest (plate I, fig. 6; plate III, fig. 11B) so that it may 
be said that the removal of the eye from the same side corrects for 
the loss of the ear on that side; when floating or buoyed in water it 
preserves an even keel. Indeed if such an animal is closely observed, 
there is seen a definite, though slight, list of the animal, particularly 
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of the head, toward the side possessing the labyrinth and the eye. 
Only when excited is there a list to the side lacking the labyrinth and 
the eye. Thus when the animal swims rapidly the corrective influence 
of the eye does not exert itself, the animal deviating in the expected 
manner to the earless side, and swerving to the normal side. When 
moving along the bottom in the act of foraging for food (crawling) the 
influence of the eye is again evident (plate I, fig. 6, anterior view), the 
animal tilting toward the side with the eye and away from the earless 
side. 

OBSERVATIONS ON ANIMALS DEPRIVED OF ONE EAR AND BOTH EYES. 
a. Posture. (Plate I, fig. 8; plate III, fig. 13.) The asymmetric pos- 
ture described above for animals lacking one labyrinth is exaggerated 
here. The deviation of the head, together with its torsion to the earless 
side is very marked. The forelimb on the earless side is flexed and 
adducted so that the back of the hand is under the chin (particularly 
in adults). The opposite arm is extended. The position at rest after 
metamorphosis was never observed to be normal, as it rarely may be in 
the animals from which one ear only has been removed. Some of the 
larvae, however, may assume apparently normal postures when at 
rest. 

b. Locomotion. The loss of the eyes seems to lead to an opisthotonus, 
particularly in the adults. Therefore, although the animals almost 
invariably turn over on the earless side when swimming and roll on the 
longitudinal axis to this side, they do not swerve or circle toward the 
normal side as do the animals simply deprived of one ear, but toward 
the earless side. In walking, of course, as in those deprived of one ear 
only, the adults swerve toward the earless side. The walking of the 
adults is sometimes very unstable and incoérdinated. The animals 
make quick jerky movements falling over and rolling over to their 
backs, then floundering and seemingly incapable of righting themselves, 
and finally lying thus for some time with limbs rather rigidly extended. 

c. Reactions to rotation and tilting. Naturally in these animals the 
possible influence of moving retinal images has been done away with. 
The responses to rotation are typical of the operation. When the 
direction of rotation is toward the operated side, the rotatory com- 
pensatory movements of head and limbs are very slight and usually 
absent, the animal often keeping the deviated position. The post- 
rotatory movements are extremely pronounced. If there has been 
any rotatory compensation, the post-rotatory movements involve a 
marked deviation toward the side of the rotation, and a consequent 
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circling (particularly in larvae) toward this side. There is frequently 
no rotatory compensation, that is, the deviation, etc., remains toward 
the operated side, during the rotation toward this side, and then the 
post-rotatory movement consists in a slightly increased deviation, tilt, 
etc., toward the same side. 

But if the direction of rotation is toward the normal side, the rotatory 
compensatory movements are exceedingly marked on the part of head 
and limbs, so that the animal deviates far to the side opposite the 
direction of rotation (the side lacking the ear). This deviation often 
culminates in a slow progressive and circling locomotion in the direction 
opposite to that of the rotation. There is, however, practically no 
post-rotatory response. Formerly, with the eyes not functioning, the 
post-rotatory response should be the striking feature. Its failure is 
undoubtedly to be referred to the loss of function due to the missing 
ear. 

When the dish containing such an animal is tilted so that the anterior 
end is slowly raised, its head drops in the characteristic asymmetric 
manner (with the elbows raised, that on the operated side more so), 
thus deviating and tilting to the operated side, and fineily after a certain 
degree of tilting is passed, the animal crawls up the inclined plane, 
sharply swerving and jerking its head to the operated side. If the 
posterior end of the animal is similarly raised gradually, it raises its 
head, still deviated, etc., to the operated side; and finally, if the tilting 
is continued, begins to crawl backward and failing this, turns sharply 
and quickly to the operated side. 

When the dish is tilted sideways and downwards on the operated 
side, there are no compensatory movements on the part of the head and 
arms, except that just before the animal falls over, the headissharply 
bent toward the earless side. When the downward tilting is toward the 
normal side, there are similarly no compensatory movements except 
again, that just before falling over the animal jerks its head sharply 
to the operated side. 

It is significant that the single compensatory movement, the “jerk’’ 
of the head should in both cases be toward the earless side. It is indica- 
tive of the presence of a tonus only in those muscles which would bring 
about this response, or of a greater tonus than in their antagonists. 

These experiments also indicate that the compensatory “pawing” 
movements are in greater measure dependent upon the eves and prob- 
ably have an intimate connection with the deviation of the head in the 
attempt to keep the horizon level. 
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OBSERVATIONS ON ANIMALS DEPRIVED OF BOTH EARS AND OF ONE EYE: 
a. Posture. (Plate I, fig. 9; plate III, figs. 14 and 15.) The account of 
the posture, or lack of it, given of the animals deprived of both ears, 
in general describes that of those in which one eye has been removed 
in addition. Their chance assumption of almost any position after 
swimming, and the haphazardness of their resting posture may perhaps 
be said to be greater, and their righting struggles more prolonged and 
less successful. But when the animals, by chance, come to rest in their 
most normal position, ventral side down and all four limbs in contact 
with the substrate, then there is always a list of approximately 45° 
toward the side with the eye. This list varies according to the use to 
which the eye is being put. An animal foraging for food will follow it 
with its one eye, even though by so doing it tilts over more and more 
and finally rolls over on its back. These animals are less restless than 
those lacking merely both ears. 

The opisthotonus of these animals is very evident (see plate III, 
figs. 14 and 15). It must be due to the loss of the eve, since the loss of 
the ears has generally the opposite effect, that is, the assumption of an 
emprosthotonic position. 

b. Locomotion. In general the locomotion of these animals is quite 
similar to that of earless individuals, but the general attitude is one 
of even greater helplessness. Active motions to correct an abnormal 
position on the bottom, as when bright light is thrown on them, are 
often ineffective. The swimming of the larvae is extremely vigorous 
and violent, but with no apparent coédrdination, the animals rolling, 
somersaulting at random, until they fall to the bottom exhausted. 

c. Feeding. The stalking and engulfing of food seems extremely 
difficult for these animals to accomplish. In addition to their lacking 


Plate III. Photographs of various operated types, taken from life in their 
characteristic resting postures. Orientation of the animals to the camera is 
uniform throughout all the figures and is the same as in plate IT. 

Vig. 11. Comparative study of the resting postures of the three different single- 
ear extirpations. A lacks the left ear; B lacks the left ear and left eye; while C 
lacks the right ear and left eye. 

Fig. 12. Adult, lacking right ear and left eye. 

Fig. 13. Adult of 10 months, lacking the right ear and both eyes. 

Figs. 14and 15. Larvae having both ears and the right eye missing. 

Figs. 16, 17 and 18. Larvae deprived of both their ears and both their eyes. 

Figs. H and J. Two postures taken commonly by a young adult Rana sylvatica 
from which the right ear had been extirpated in the early tail-bud stage of em- 
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both labyrinths, they have but one eye and when they attempt to follow 
an object with this, as above described, so as to keep it in view, the 
result is a total loss of equilibrium. This asymmetry of movement 
makes the procuring of food next to impossible, a fact evidenced not 
only by watching them attempt it, but also by the fact that they grow 
very slowly and metamorphose much later than all others. These 
animals must be literally fed, the bits of food being offered to them 
repeatedly. 

In cases where both ears are absent in addition to one or both eyes, 
the commonly called forth excitement-rigidity of the body takes the 
form of opisthotonus. This occurs throughout life and was noted 
frequently as a distinctive posture of these groups. Opisthotony was 
not, however, observed to any regular degree in the fixation of this 
group. 

It may be concluded from this general evidence that the opisthotonus 
resulting from the loss of the eyes affects very little the tonus of the 
trunk muscles and has its chief effect upon those muscles poising the 
head on the neck. Whereas the removal of the ears produces a marked 
emprosthotony of the neck and trunk, which is more or less evident 
according as to whether both ears, or only one, have been removed. 

OBSERVATIONS ON ANIMALS LACKING BOTH EARS AND EYES: «a. Posture. 
(Plate I, fig. 10; plate III, figs. 16, 17, 18.) Balance is entirely lacking, 
and a normal upright position is come upon merely by chance. This is 
in part due to the lack of visual stimuli, since the animals with eyes 
(without ears) are often in normal positions. It is also indicated by 
the observations that in darkness animals deprived of both ears, but 
having both eyes, were about as often to be found in haphazard positions 
as these animals are when in diffused daylight. These chance positions 
are kept for indefinite periods of time, and these animals show additional 
evidence of being different in that they will accept food, chew and swal- 
low it without attempting to right themselves. 

b. Locomotion. Due to the usual, though not constant, opisthotonus, 
these animals nearly always swim in circles on one side or the other and 
swerve toward the dorsal side. When search after food is made, it is 
done with the aid of the olfactory and tactile sense. The animals may, 
and do, approach their food fairly accurately, but they do not lunge 
after it, and snap for it only after they have come in actual contact 
with it. The movements of walking are similar to those described for 
the earless individuals. To horizontal rotation and to tilting there is 


no compensation. 
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OBSERVATIONS ON TADPOLES AND YOUNG ADULTS OF RANA SYLVATICA, 
FROM WHICH ONE EAR HAS BEEN REMOVED. One ear was removed from 
a number of frog tadpoles (3 mm. long). Six survived to the time of 
the appearance of hind limbs, and three of these metamorphosed, the 
other three being lost during absence from the laboratory. 

The behavior of these animals agrees in the main with the description 
given by Streeter (3), in that they lean to the operated side, roll on the 
long axis in swimming (toward the operated side) and spiral and circle. 
But the tilt to the operated side is always pronounced as evidenced 
by the position of the dorso-caudal fin. While there is some slight 
recovery from the disturbances in equilibrium and of locomotion, these 
animals would never, either at rest or in swimming, be mistaken for 
normal tadpoles. 

Streeter found that with the beginning of function of the posterior 
limbs the abnormality in swimming was less pronounced. We have not 
been able to substantiate this finding and our experience has been that 
these animals are always very abnormal while swimming. Upon 
metamorphosis this abnormality in posture is in no wise lost. At rest 
the animals are tilted far over to the operated side, the fore limb on 
that side is flexed under the head while the opposite limb is extended. 
The back is curved, although the position of the posterior limbs differs 
but little from the normal. On the whole, the general posture of the 
animals is similar to that usually described for frogs lacking one ear 
(cf. de Kleijn (12)). (See plate III, figs. H and J.) 

If the animals are observed as they cling to a vertical wall to which 
they have jumped, their abnormal posture is very striking. Instead 
of facing directly upwards they make an angle with the vertical, bracing 
as it were to the sound side of the vertical, the operated side being closer 
to the wall with the limbs on that side flexed, while the opposite limbs 
are extended, thus supporting the body. 

The swimming and jumping movements are typical of adult frogs 
from which one ear has been removed or injured, the abnormal position 
of the limbs and the head being never lost so long as the animals lived. 

The results of rotation experiments are similar to those given above 
for Amblystoma deprived of one ear as well as for operated adult frogs. 


SUMMARY 


1. Normal Amblystoma when rotated horizontally, give typical 
rotatory and post-rotatory reactions of the head, trunk and limbs. 
On slow rotation characteristic eye movements are also observed. 
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Inclination of the horizontal plane of the animal results in the assump- 
tion of compensatory positions of the entire body. 

2. The posture of an animal from which one embryonic ear has been 
removed is throughout life abnormal; the deviation and torsion of the 
head always persisting, as well as the asymmetrical limb positions. 
In locomotion the animals turn over to the earless side with a greater 
or less swerving toward the normal side. When locomotion is vigorous, 
the animal either rotates on its long axis toward the earless side, or 
swims in narrow circles, with the earless side under, toward the normal 
side. Rotatory and post-rotatory compensatory reactions are accen- 
tuated or diminished in accord with the direction (toward the normal 
or the earless side) of the rotation. While each labyrinth has a binoc- 
ular influence, there is some evidence of a reduction in tone of the 
ocular muscles when one ear has been removed. Inclination of the 
horizontal plane of the animal accentuates the list and deviation of 
the animal to the opposite side alone. 

3. Animals deprived of both ears may come to rest in any chance 
position although they show a tendency until fatigued to struggle 
upright. Locomotion is clumsy and incoérdinate, indicative of a 
lowered muscular tone. Crawling, as after food, may be fairly accurate 
owing to the ocular sensations. There are no compensatory reactions 
to rotation or tilting. The removal of one or both ears usually causes 
a slight emprosthotony. This explains the general tendency in swim- 
ming to swerve toward the normal side. 

4. The only abnormality involved by the lack of one eye is a slight 
rotation of the head on its long axis toward the side bearing the eye. 
This is accentuated when the animal is attentive to the substrate. 

5. The outstanding characteristic result of removal of both eyes is 
the assumption of a slight opisthotonic position when the animal is 
poised or in vigorous locomotion. 

6. Removal of a single ear and its opposite eye exaggerates the 
equilibratory defects occurring when merely one ear is missing. 

7. Conversely the removal of the eye from the earless side has a 
corrective influence and the balance is normal except during vigorous 
swimming. 

8. Eyeless animals from which one ear has been also taken show the 
loss of the ear to a more marked degree than when the ear alone has 
been removed due to opisthotonus and asymmetric posture. Rotation 
and tilting of such animals initiate very limited and characteristic 
compensatory movements toward the earless side of the body alone. 
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9. Animals devoid of ears and with only one eye are the most helpless 
of all, their tendency to opisthotonus being continuously noticeable. 


10. Specimens entirely devoid of ears and eyes are incapable of sus- 
taining their balance or acquiring an upright position except by chance. 
They make no compensatory movements to rotation or tilting. 

11. Tadpoles of Rana sylvatica from which one ear vesicle has been 
removed show throughout larval life and for several weeks after meta- 
morphosis the abnormalities of posture, locomotion and reaction to 
rotation and tilting characteristic of the operation. 
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So far as we can ascertain, no attempt has been made to determine 
the exact influence of hydrogen ion concentration on the fertilization 
of marine eggs. Since the initial contact between the sperm and 
egg involves forces and processes which must obviously be more or 
less dependent on the structure of the egg cortex, it may well be 
anticipated that slight variations in the hydrogen ion concentration 
rather than the nature of the acid involved, would be the effective 
factor in influencing the fertilization process. The reverse relation 
would hold in the case of cell division, for the penetrating power of 
the acid would be of greater importance than the hydrogen ion 
concentration. 

J. Loeb many years ago observed that the addition of small amounts 
of acid to sea water prevented the fertilization and subsequent develop- 
ment of sea urchin and other marine eggs (1). But Loeb’s experiments, 
like our first experiments, were carried out by the simple addition 
of varying amounts of standard hydrochloric acid to sea water. It is 
evident that under these conditions the resulting solutions will contain 
considerable quantities of carbonic acid (H»CO3) and CO», according to 
the degree of acidification and liberation of these substances from 
the bicarbonates normally present in sea water. It has long been 
known from the work of F. Lillie (2), Cohn (3) and others that CO. 
anesthetizes sperm, not only rendering them incapable of effecting the 
fertilization process, but reducing them to immotility. Consequently 
it was evident after a few preliminary experiments that no satisfactory 
information on the influence of hydrogen ion concentration could be 
secured unless a system containing no CO. was used. A C0O--free 
system suitable for our purposes was prepared by the simple procedure 
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of adding an excess of standard hydrochloric acid to a given amount 
of sea water and aerating vigorously for several hours. In this 
manner the CO, was liberated and expelled. The “acid sea water” 
was then brought to the desired pH by the addition of Na,HPO, or 
NaOH. (Solutions prepared in this manner contain CO, in equilib- 
rium with the atmosphere together with a small amount given off 
by the eggs themselves, but CO, from these sources proved to be negligi- 
ble in its effects on eggs or sperm.) 

With one exception, the experiments embodied in this paper were 
performed with solutions made in the latter manner; these solutions 
will be referred to as CO.-free sea water. The pH was determined 
colorimetrically with Clark and Lubs indicators and standard buffers, 
and subsequently checked electrometrically. 

Preliminary experiments. It has already been stated that our first 
observations on the influence of pH on fertilization were made with sea 
water which had been acidified by the direct addition of HCI, and which 
therefore contained considerable amounts of CO.. These experiments 
were necessarily crude, but they are nevertheless instructive since 
they show that the hydrogen ion concentration influences the fertiliza- 
tion process in essentially the same manner whether CO, is present in 
small amounts or wholly absent. A few of these experiments in CO»- 
containing sea water are given in figure 1. In these experiments equal 
amounts of sea urchin eggs were added to freshly prepared solutions 
ranging from pH 8.2 to 6.0. After 5 to 10 minutes, equal amounts of 
sperm (sufficient to insure fertilization) were added to each batch of 
eggs. The eggs and sperm were left in contact in the pH solutions for 
30 to 45 minutes; then the pH solutions were decanted and the eggs 
washed and replaced in sea water. Twenty-four hours later samples 
were removed from each lot and examined under the microscope to 
determine the percentage of normal larvae in terms of the eggs present. 
It will be seen from the results plotted in figure 1, that the incidence of 
normal] larvae falls rapidly as the hydrogen ion concentration increases 
reaching a minimum around pH 7.2, and then rises to a second maxi- 
mum at pH 6.6. (Each curve represents a separate experiment.) 
The most casual inspection of the samples between pH 7.4 and 6.8 
showed that the drop in the incidence of normal larvae was due to a 
corresponding increased incidence of polyspermy. It is well known 
that when two or more sperm gain entrance to an egg, irregularities in 
division result, which lead to abnormal development and the production 
of monstrosities. Such polyspermic eggs are easily distinguishable from 
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normally fertilized eggs by their appearance after the first cleavage has 
occurred. 

It was found that if the eggs were not removed from the pH solutions, 
little or no development took place in even slightly acidified solutions. 
This was subsequently shown to be a result of the inhibitory influence 
of COs. 

The next experiments to be considered are of exactly the same nature 
except that CO.-free sea water prepared in the manner previously 
described, was substituted for CO,.-containing sea water. These 

“experiments are illustrated in figure 2. Observations were made on 
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Fig. 1. Sea urchin and star-fish. Percentage of normal larvae after 18 hours 
when eggs are inseminated at varying H ion concentrations. 


both sea urchin and starfish eggs, the eggs being fertilized in the CO,- 
free pH solutions and replaced in sea water after an interval of about 30 
minutes. In these experiments, instead of counting the normal larvae 
after 24 hours, the eggs were observed after 2 and 4 hours, counts being 
made of the number of eggs which were then undergoing normal divi- 
sion as compared with all unfertilized and all polyspermic eggs. 

It should be noted that in the case of both sea urchin and star-fish, 
the incidence of normal fertilization falls almost to zero around neu- 
trality. In this respect the results are comparable with those obtained 
in CO.-containing sea water. But the interesting point is that while 
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the drop in incidence of normal fertilization in the case of the sea urchin 
is due to polyspermy, in the case of the star-fish no polyspermy was 
observed, the eggs at neutrality having undergone no division, mem- 
brane formation or other morphologically demonstrable change. 

These divergent facts necessitated a more careful analysis of the 
changes occurring in the two species with increasing hydrogen ion con- 
centration. It was immediately suspected that these curves as given 
in figure 2 represented the superimposition of two distinct groups of 
phenomena; one related to fertilization in the pH solution and one to 
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Fig. 2. Incidence of normally fertilized eggs when inseminated in solutions of 
varying pH, and subsequently (30-45 minutes) transferred to sea water. The 
reduction in normally fertilized eggs in the case of the sea urchin is due to 
polyspermy; with the star-fish this reduction is due to incomplete or retarded- 
fertilization. (Observations made after 2 to 4 hours. ) 


fertilization after the eggs had been removed from the pH solutions 
and returned to sea water. 

To clear up this difficulty it was necessary to ascertain the extent to 
which normally fertilized eggs would develop at various hydrogen 
ion concentrations. 

The influence of hydrogen ion concentration on the development of 
normally fertilized eggs. To this end, sea urchin and star-fish eggs 
were inseminated in sea water, great care being used in choosing eggs 
and sperm showing a maximum viability. Two or 3 minutes after in- 
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semination, the eggs were centrifuged and resuspended in 0.5 m NaCl 
in order to remove carbonate-containing sea water. Equal quantities 
of the suspensions were then added to the various pH solutions pre- 
pared from CO.-free sea water and contained in open bowls. At 
intervals after insemination, samples of eggs were removed from the 
various solutions, fixed with formalin and counted. In every case 
several hundred eggs were counted to insure accuracy, the number of 
undivided eggs and the number in the two-cell, four-cell, eight-cell 
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Fig. 3. Sea urchin. Influence of pH on velocity of segmentation of fertilized 
sea urchin eggs in CO,-free sea water. 


stages, etc., being carefully noted. The average number of divisions 
per egg was then calculated from these data. 

It was found by this method that when CO, was absent, the develop- 
ment of normally fertilized eggs, both in respect to velocity and quality, 
is essentially unimpaired until the acidity approaches pH 6.0; from 
pH 6.2 to 5.0 there is a steadily increasing injury as manifested by 
failure to divide at all, or by irregular division and ultimate disin- 
tegration. Experiments were also performed using normal carbonate- 
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containing sea water, in which it was observed that CO, had a very 
marked inhibitory effect on the development of the egg. The point for 
principal emphasis here is the normal development, in the absence of 
CO», in solutions ranging in pH from 8.2 to 6.0. This is illustrated in 
figures 3, 4 and 5. The data plotted in figure 3 are from a single 
experiment with sea urchin eggs in which the rate of cleavage was deter- 
mined at successive intervals in the various CO.-free pH _ solutions. 
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Fig. 4. Sea urchin. Influence of pH on segmentation in CO:-containing and 
sea water. 

Curve 1. CO:-containing sea water in stoppered bottles. 

Curve 2. CO.-free sea water in stoppered bottles. 

Curve 3. CO.-free sea water in open bowls. 


Attention is called to the fact that although there is distinct inhibition 
in cleavage in the more acid solutions during the early part of the 
experiment, an accelerated division ensues which brings these eggs up 
in the end with those in the more alkaline solutions. The irregularities 
in the rate of division observed between 7.4 and 6.8 are probably to be 
associated with the changes that occur in the surface of the egg in this 
critical region, as indicated by fertilization experiments about to be 
discussed; these changes undoubtedly interfere to some extent with 
normal metabolism. 
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Figure 4 illustrates the extent of development, as indicated by the 
“divisions per egg,’’ at the end of the first 90 minutes for a, eggs in 
CO,-containing solutions which were contained in stoppered bottles; 
b, eggs in CO.-free solutions also contained in stoppered bottles; and 
c, eggs in CO.-free solutions contained in open bowls. It will be seen 
that the eggs in the last lot divide with nearly equal rapidity at 
hydrogen ion concentrations ranging from pH 8.2 to 5.2. In the same 
solutions when contained in stoppered bottles there is a uniform 


degree of inhibition presumably due to the carbonic acid liberated 
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Fig. 5. Star-fish. Influence of pH on segmentation in CO.-containing and 
CO.-free sea water. 


Upper curve—CO,-free sea water (stoppered bottles). 
CO.-containing sea water (stoppered bottles). 


Lower curves 


from the dividing eggs. In the CO.-containing solutions division is 
almost completely inhibited at neutrality. The results in this case 
will vary from time to time, since the conditions of the experiment are 
variable and uncertain. In some instances complete inhibition has 
been noted at a pH of 7.6. Since the pH of these solutions was care- 
fully tested at the end of the experiment and very little change observed 
(usually +0.05 to 0.1) this inhibition cannot be attributed to changes 
in the hydrogen ion concentration, but must be associated with some 
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specific influence of the carbonic acid liberated by the acidification of 
the sea water.! 

Star-fish eggs gave similar results. The technique was the same 
except that the eggs were allowed to maturate before insemination. 
In the experiments illustrated in figure 5, the percentage of eggs 
dividing at the end of 3 hours was determined, instead of the “divisions 
per egg” after 90 minutes. After the 90-minute sample was taken 
the eggs were returned to sea water and the percentage of norma! 
swimmers determined the following day. The solid line shows the per- 
centage of eggs dividing in the CO.-free solutions and the crosses the 
percentage of normal larvae obtained in each lot. The dotted curve 
and the circles give these results for the CO,-containing solutions. 
(The percentage of normal larvae corresponding to one curve only is 
given for each system.) It is clear from figures 3, 4 and 5 that the 
velocity of growth was practically the same at pH values ranging from 
8.2 to 5.8. The fact that the dividing eggs developed into normal 
larvae throughout a pH range from 8.2 to 5.2, as shown in figure 4, 
indicates that this growth in acid solution is not only normal in velocity, 
but normal in quality as well. Since the eggs were permitted to pass 
to the 8-16 cell stages in the acid solutions before they were returned 
to sea water, it is probable that had any serious defect in development 
occurred during this time they would not have subsequently developed 
into normal larvae. 

Influence of hydrogen ion concentration on the fertilization process 
In view of the foregoing facts, if eggs which are inseminated in solutions 
within the range of pH 8.2 to 5.8 fail to develop normally through the 
first two or three cleavage stages, we may be sure that normal fertiliza- 
has not been effected. Thus we are enabled to observe the influence 
of hydrogen ion concentration on the fertilization process by itself with- 
out danger of complication during the subsequent period of observation. 

Returning now to the influence of hydrogen ion concentration on the 
fertilization process, attention is called to the detailed data on the sea 
urchin given in figure 6. These data are based on estimations of normal 
and polyspermic eggs 3 hours after insemination in the pH solutions. 
It is clear that the incidence of “total fertilization” (i.e., both normally 
fertilized and polyspermic eggs) continues unchanged from pH 8.2 
to 7.0, after which it falls rapidly to zero at 6.4. But the incidence of 


1 Detailed data on the influence of CO, on the development of the sea urchin 
egg will be presented in a subsequent communication. 
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polyspermy, which is negligible at the pH of sea water, rises rapidly 
to a maximum at 7.2 and as quickly falls again to zero at pH 6.7. 
This increase in polyspermy explains the abrupt decrease in normal 
larvae shown in figure 1. Since the incidence of polyspermy de- 
creases more rapidly than the incidence of total fertilization, there is 
an increase in the number of normally fertilized eggs between pH 7.2 
and 6.4. 

Now it was demonstrated in this same experiment that if portions 
of each lot of eggs were removed from the pH solution and placed in 
sea water 15 to 20 minutes after insemination, those eggs which had 
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Fig. 6. Seaurchin. Influence of pH on the incidence of normally fertilized and 
polyspermic eggs when insemination and early growth take place in pH solutions. 
(Observations made 2 to 3 hours after insemination.) 


not been fertilized in the pH solutions (i.e., below pH 7.0) were 
subsequently fertilized when returned to sea water by the sperm adher- 
ing to the jelly around the egg and carried over during the transfer. 
These eggs subsequently underwent normal development. Thus from 
the washed sample, a curve was obtained which was a composite of a, 
eggs which were normally fertilized in the pH solutions, and b, eggs 
which were normally fertilized after having been returned to sea water. 
This curve was qualitatively identical with that given in figure 2. 

The significant points in the case of the sea urchin are that the pH 
for maximum polyspermy is around 7.2, and that every egg which is 
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not fertilized in the pH solution between 7.0 and 6.4 is subsequently 
fertilized when it is returned to sea water. These points are emphasized 
because the behavior of the sea urchin egg is quite different from the 
behavior of the star-fish egg in this respect. 

In the latter case, the maximum incidence of polyspermy occurs at 
the pH of sea water (8.2). (See fig. 7.) Around pH 7.2 polyspermy 
begins to decrease and disappears at neutrality. The actual ratio of 
polyspermic to normally fertilized eggs will vary with different circum- 
stances to a greater extent in the star-fish than in the sea urchin, 
because of the greater seasonal and local variations in the former 
species. The amount of sperm added will of course be important 
because with a minimum amount of sperm the chances for polyspermy 
are greatly reduced. The viability of the eggs is also an important 
factor; when the eggs are exceptionally good it is difficult to get 
polyspermy in sea-water even with a great excess of sperm. The cir- 
cumstances of maturation also seem to influence the percentage of poly- 
spermic eggs though no satisfactory quantitative experiments were 
obtained along this line because of the difficulties in obtaining suc- 

ge 
viability after large intervals of time. These factors are not as evident 
with sea urchin eggs because under the conditions that obtain in the 
summer season at Woods Hole, they do not vary in viability to as 
great an extent as do star-fish eggs, and they are mature when they 


cessive lots of sperm and eggs which were exactly comparable in 


are removed from the ovaries. 

The reaction of the star-fish egg is comparable to that of the sea 
urchin in that the incidence of polyspermy decreases more rapidly as 
the pH shifts to the acid side than does the incidence of *total’’ fertili- 
zation (fig. 7). Consequently there is in both cases a peak in the curve 
of normally fertilized eggs just before the critical limits for fertilization 
are reached. 

The second point of difference between the behavior of the two species 
is made evident in those experiments where the eggs are washed and 
returned to sea water after insemination in the pH solution. In the 
‘vase of the sea urchin, it was found that those eggs which were not 
fertilized in the pH solutions could be subsequently normally fertilized 
when they were returned to sea water. But in the case of the star- 
fish, those eggs which just fail of normal fertilization in the pH solu- 
tions are so modified that they cannot be subsequently fertilized: 
that is, they will neither segment in the acid solutions nor segment 
after their return to sea water containing fresh sperm. The fertiliza- 
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tion process has evidently been started but failed in completion, and the 
egg is consequently permanently injured. 

By following the incidence of “‘total’’ fertilization in figure 7, one can 
see that fertilization takes place from pH 8.2 to 7.1 uniformly; from 7.1 
to 6.8 the incidence of fertilization decreases rapidly to zero; on their 
return to sea water, those eggs which failed to fertilize in this range 
(7.1-6.8) did not subsequently fertilize, and it is not until we reach a 
pH of 6.2 that all the ‘‘washed”’ eggs are again fertilizable. (Refer to 
fig. 2.) From pH 5.8 to 4.4 fertilization again decreases as the result 
of injurious effects of the acid on the egg. 


Fig. 7. Star-fish. Influence of pH on the incidence of normally fertilized and 
polyspermic eggs when insemination and early growth take place in pH solutions. 
(Observations made 3 to 4 hours after insemination. ) 


It soon became evident that at this critical region (6.8) we were 
dealing with partial or arrested fertilization, for it was observed that 
some eggs stopped development in the diaster stage, others developed 
only to the extent of membrane formation, and others, by far in the 
majority at 6.75, showed no change whatever when examined by 
microdissection methods.” 


2 We are indebted to Dr. Robert L. Chambers for a careful examination of 
these eggs. It is significant that Doctor Chambers could find no evidence of 
membrane formation. 
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A more detailed study was made of the eggs in this critical region of 
“partial fertilization,’’ the results of which are given in figure 8. The 
eggs in this experiment were fertilized in the pH solutions and then 
removed to sea water 30 minutes after insemination. Careful counts 
were made 2 hours later of a, the segmenting eggs (normal and poly- 
spermic) ; b, those eggs which had developed as far as the diaster stage; 
c, those which had formed membranes only; and d, those in which no 


Percent 


Fig. 8. Star-fish. Influence of pH on fertilization and subsequent develop- 
ment. 

Curve 1. Normal plus polyspermic eggs. 

Curve 2. Eggs stopping development in the diaster stage. 

Curve. 3. Eggs stopping development in the membraned stage. 

Curve 4. Eggs which show no microscopic evidence of development, but which 
cannot be subsequently fertilized. 

(Observations after 3 to 4 hours.) 


visible change had taken place (note that these had failed to fertilize 
on return to sea water). Reference to figure 8 will show that as the 
incidence of segmenting eggs decreases they appear to be arrested pro- 
gressively in the diaster stage, the membraned stage and in a visibly 
unchanged, but nevertheless unfertilizable condition. At the critical 
point (ca. 6.75) nearly all the eggs are in the last class. The star-fish 
egg requires from 1} to 2 hours to reach the diaster stage; it is evident, 
therefore, that those eggs which stop developing in the diaster stage 
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were not directly arrested in that stage by the pH solution (to which 
they were exposed only 30 minutes) but that their subsequent develop- 
ment is in some manner determined by the conditions under which 
fertilization takes place. 

Discussion. It is known that at the instant of fertilization, i.e., 
when the sperm makes contact with the egg, some change takes place 
in the normal egg cortex which renders the egg impermeable to sperm 
and thus prevents two or more sperm entering. Though no light has 
been thrown on the exact nature of the mechanism controlling the 
permeability of the egg to sperm, it has been found that the activity of 
this mechanism is a function of the hydrogen ion concentration of 
the medium in which fertilization takes place. Since no membrane is 
demonstrable on microdissection under the conditions of no_per- 
meability and since this loss of permeability is reversible and can be 
corrected by simply returning the eggs to a solution of proper pH, we 
are inclined to agree with Lillie (4) and Just (5) that the lifting of the 
membrane is an event subsequent to, and not part of, the fertilization 
process proper, and that this membrane is not the primary factor in 
establishing the block to sperm. In the sea urchin egg, the fertilization 
process involves an all-or-none reaction which is prevented by the proper 
hydrogen ion concentration. In this case, fertilization either does or 
does not occur; if the egg is not fertilized, it can be fertilized by return- 
ing to a suitably alkaline solution. In the star-fish egg, on the other 
hand, it is possible to obtain partial or abnormal fertilization within 
the critical range ef pH. The term partial is not used with literal in- 
tent, since we know nothing about the mechanism involved, but it is 
suggested by this consideration: the velocity of subsequent develop- 
ment of the star-fish egg appears to be a uniform function, within cer- 
tain limits, of the hydrogen ion concentration obtaining when fertiliza- 
tion occurred. This developmental gradation shows in sequence every 
degree from normal development to no demonstrable development 
whatever, withal in the latter instance, the egg is so modified that it 
cannot be subsequently fertilized. Hence these phenomena of partial 
development lead by suggestion to the notion of an incompleted or 
insufficient stimulus during the fertilization process. 

The two species differ further in that the optimum pH for polyspermy 
in the sea urchin egg is about 7.2, while for the star-fish egg it is around 
that of sea water, viz., 8.0 to 8.2. These facts point to a great measure 
of specificity in the reactions of various eggs to hydrogen ion concentra- 
tion and suggest that these phenomena may play an important part in 


EFFECT OF HYDROGEN IONS ON MARINE EGGS 157 


determining the biological specificity of fertilization. F. Lillie has 
pointed out that the factors which determine this specificity in fertiliza- 
tion are found first in the cortical reactions and second in the latest 
stages of fertilization after union of the germ nuclei. Apparently any 
spermatozoén that has once crossed the barrier of the egg cortex calls 
forth the same set of events within the egg. 

Only conjectures can be advanced at the present time concerning the 
reaction between the sperm and the egg cortex. It is well established 
that a cortical change of some sort is propagated from the point of 
impact of the spermatozo6én over the egg with a rapid but measurable 
velocity. We know nothing about the composite nature of the phys- 
ical, chemical and mechanical changes which transpire during the 
fertilization process. Our results indicate howev-r that the egg 
cortex constitutes a gateway through which the sperm enters the 
egg, and which is reversibly opened or closed, so to speak, by the 
hydrogen ion concentration of the surrounding medium. It is further- 
more established that this is a reversible system; if the gateway is com- 
pletely closed, no harm is done by exposure to sperm and normal 
fertilization may be effected by reopening it. In the sea urchin, the 
entry of sperm appears to follow an all-or-none law. In the star-fish, 
a partial entry may be effected, with a consequent permanent injury 
to the egg. 

It may appear possible that part of the variations in fertilization which 
have been recorded are the result of variations in the activity of the 
sperm as the result of changes in the hydrogen ion concentration. This 
is a point which is difficult to settle definitely, for no satisfactory method 
has yet been devised whereby either the eggs or the sperm can be 
separately tested at various hydrogen ion concentrations. It has been 
carefully observed, however, that the sperm retain their motility and 
continue to aggregate around the periphery of the egg at pH values of 
5.4 to 5.6, well beyond the range of these phenomena. It is a signifi- 
cant fact that the pH values at which the sperm first give evidence of 
injury, coincide with those values at which the eggs are likewise 
permanently injured. Moreover, in the star-fish, the sperm are not 
permanently injured for they are capable of fertilizing the egg when 
returned to sea water irrespective of previous exposure to any acidity 
within the limits involved here. The eggs on the other hand are 
permanently injured by contact with sperm. Consequently in this 
case at least the assumption that these phenomena are attributable to 
changes in the egg and not in the sperm is hardly open to question. 
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SUMMARY 


1. When star-fish (Asterias Forbesii) and sea urchin (Arbacia punet- 
ulata) eggs are fertilized in normal sea water and immediately trans- 
ferred to CO,-free sea water of varying acidity they develop to the 
eight or sixteen cell stages with practically normal velocity at hydrogen 
ion concentrations varying from pH 8.2 to 5.8 or 5.2. Therefore by 
noting the incidence of polyspermic and normally fertilized eggs when 
insemination and early growth take place in CO.-free sea water of 
varying acidity, it is possible to observe the influence of the hydrogen 
ion concentration on the fertilization process itself. 

2. It has been found that the permeability of both the sea urchin 
and star-fish egg to homologous sperm is markedly influenced by the 
hydrogen ion concentration. In the sea urchin egg, the maximum 
incidence of polyspermy is at pH 7.2 to 7.0. A block to fertilization 
appears at pH 7.0 and is complete at pH 6.4 or 6.2. Within this 
range (pH 7.0 to 6.2) all eggs which are not fertilized may be sub- 
sequently fertilized after they are returned to a more alkaline medium. 

In the star-fish, the maximum incidence of polyspermy is at the 
hydrogen ion concentration of sea water; the block to fertilization ap- 
pears at pH 7.0 and is complete at pH 6.8 or 6.6. Within this range 
(pH 7.0 to 6.6) the eggs are so modified by contact with sperm that 
although no change is visible, they cannot be subsequently fertilized. 
In still more acid medium (i.e., at pH less than 6.7-6.4), the star-fish 
egg, like the sea urchin egg, is not modified by contact with sperm. 
For other details the reader must be referred to the charts or to the 
text. 

3. These phenomena are attributed to changes in the egg cortex and 
not to changes in the sperm. 

4. COz has no specific effect on the (cortical or external) fertilization 
process apart from the increase in concentration of hydrogen ions oc- 
casioned by its presence; it does however have a very marked inhibitory 
effect upon the (internal) processes involved in segmentation and 
development. This specific influence of CO, on development has 
been made the subject of quantitative observations which will be 
presented in a subsequent communication. 


We are indebted to Carlotta Greene Smith for painstaking assistance 
in carrying out the experiments presented in this communication. 
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(4) Linure: Journ. Exper. Zoél., 1914, xvi, 515. 
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After establishing the fact that the coagulative activity of tissue 
extracts depended on a protein phospholipin compound, and that the 
removal of the phospholipin fraction left the protein part with a strong 
anticoagulant action, we determined to see if these findings would 
apply throughout the mammals, birds and reptiles. Not only this, 
but we also wished to know whether this coagulant exhibited any 
specificity in its action, and, if so, whether such specificity resided in 
the protein, or phospholipin fraction, or in both. 

Delezenne (1) working with the blood of birds, reptiles and fish, 
found a remarkable resistance to spontaneous coagulation on the part 
of the plasma alone, but the addition of tissue extracts produced very 
prompt clotting. He noticed a marked class specificity in this action 
of the tissue substance. Thus, bird muscle extract greatly quickened 
the clotting of bird plasma, while dog or rabbit muscle extracts made 
only a slight difference in the clotting time. He found the effects of 
homologous tissue extracts on clotting to be the same throughout the 
vertebrates in general. L. Loeb (2) demonstrated some degree of 
specificity in the action of hemolysed erythrocytes of dogs, cats and 
rabbits in their effect on the clotting time of blood from these animals. 
He also stated that vertebrate tissue extracts are without influence on 
the clotting of invertebrate blood. No definite attempts have been 
made to show that the chemical nature and manner of action of the 
active tissue substance is the same in the different classes of animals. 

Experimental: For our different bloods and tissues we used mamma- 
lian (dog, horse, calf), avian (chicken) and reptilian (turtle) lungs and 
livers, and blood from horses, chickens and turtles. The bloods were 
citrated to 0.5 per cent when drawn and the clear plasma used in the 
experiments. The tissue extracts were made throughout by thoroughly 
grinding the fresh tissue with sand in a mortar and then extracting with 
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0.9 per cent NaCl solution, using 9 ec. of salt solution for each gram of 
tissue taken. The extracts were allowed to sediment over night in the 
icebox before using. All the coagulation tests were carried out in a 
water bath at 40 to 42°C, 

We first compared the action of lung extracts of the various animals on 
the different plasmas. Table 1 shows the results of these tests. We 
see there is a considerable degree of specificity in evidence here. 
Chicken or turtle extracts exhibit little influence on the clotting of 
horse plasma, while horse lung extract acts much less on chicken plasma 
than chicken lung extract. But, on the other hand, dog lung extract is 
just as efficacious as the turtle lung extract on turtle blood. 


TABLE 1 
ER 
CITRATED PLASMA CENT CLOTTING TIME 

Horse 1 ec. + 0.1 ec. horse lung extract 03 35”” 
Horse 1 ec. +, 0.1 ec. chicken lung extract 0.3 2’ 30’ 
Horse 1 ce. + 0.1 ec. turtle lung extract... 0.3 2’ 40”’ 
Chicken 1 ce..... 0.3 3’ 50”" 
Chicken 1 ec. + 0.1 ec. chicken lung extract... 0.3 30”’ 
Chicken 1 ec. + 0.1 cc. horse lung extract 0.3 1’ 50” 

Turtle 1 ce.... ; ; 0.3 | No clot in 3 
hours 

Turtle 1 ec. + 0.1 ce. turtle lung extract 0.3 50” 
Turtle 1 cc. + 0.2 ec. dog lung extract.. 03 50”’ 
3 2’ 40”’ 


Turtle 1 cc. + 0.1 cc. frog lung extract...... 0.: 

That these differences are only various in the speed of the reaction 
and not in its chemical nature is indicated by the experiments cited 
below, in which it is shown that the fibrin yield is increased to the same 
degree, regardless of the degree of acceleration of the clotting. 


Experiment I 


100 ce. citrated chicken plasma + 100 ec. 0.9 per cent NaCl solution + 14 ce 
5 per cent CaCl,: clotted in 4 minutes 40 seconds at 39°C. 

Weight of fibrin (macerated, washed, dried at 100°C.) = 0.335 gram. 

Experiment II 

100 ce. citrated chicken plasma + 100 cc. chicken lung extract + l4cc. 5 per 
cent CaCl,: clotted in 20 seconds at 39°C. 

Weight of fibrin formed = 0.625 gram. 

Percentage fibrin increase over normal yield = 86.6 per cent. 

Chicken lung extract contained 1.1 per cent proteins. 
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Experiment III 


100 ce. citrated chicken plasma + 100 cc. dog lung extract + 14 ec. 5 per cent 
CaCl.: clotted in 4 minutes at 39°C. 

Weight of fibrin = 0.595 gram. 

Percentage fibrin increased = 77.6 per cent. 

Dog lung extract contained 0.95 per cent proteins. 


It will be seen that, while chicken lung extract causes the chicken 
plasma to clot in 20 seconds and gives an 86.6 per cent increase in the 
fibrin yield, the dog lung extract of slightly less concentration in protein 
gives a 77.6 per cent fibrin increase with only a very slight shortening 
of the clotting time of the plasma. Evidently, the chemical union in 
the fibrin formation occurs with the foreign extracts practically as well 
as with those of the same animal whose plasma was used, the specificity 
showing its influence only in the speed of the union. 

We next attempted to discover whether the chemical nature of the 
clotting agent in each extract was the same. That is, we wished to 
know whether it was a protein-phospholipin compound which, on separa- 
tion of the two fragments, lost its coagulative activity and yielded a 
protein fraction with a strong anticoagulant action and a phospholipin 
with a weak coagulative effect; also to see whether by reuniting the two 
fractions in each instance an increase in coagulative activity would 
result. The fresh lung tissue from each animal was hashed and rapidly 
dried in a warm air current. It was then powdered and extracted with 
benzene at room temperature until no further phospholipin could be 
removed. The tissue residue was then freed from benzene and extracted 
with 0.9 per cent NaCl solution. The protein fraction of the coagulant 
dissolved in this salt solution. The phospholipin was obtained by 
evaporating the benzene used in extracting the dried tissues. It was 
emulsified in 0.9 per cent NaCl solution to give about 0.5 per cent 
strength. The phospholipin fractions from the different lungs were 
then tested as regards their clotting accelerating action on the various 
bloods as indicated in table 2. This table also shows the action of the 
various protein fractions on the plasmas used. 

It is interesting to note here that turtle lung phospholipin quickened 
the clotting of horse plasma more than did horse lung phospholipin. 
Other than this the phospholipin of the different animals seems to have 
about the same effect. About all that can be said of the protein frac- 
tions is that all act so as greatly to inhibit the clotting of all the plasmas. 
It has recently been shown (3) that this inhibitory action is dependent 
on the great power of combining with phospholipin possessed by this 
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protein fraction, so it is not surprising that no specificity is in evidence 
in these tests. The differences noted in the anticoagulative activity 
of the different solutions is probably due to differences in the amount of 
phospholipin still left attached to the protein. 


TABLE 2 
1 PER 
CITRATED PLASMA CENT CLOTTING TIME 
CaCl 

Horse 1 ce. 0.3 5’ 30 
Horse 1 cc. + 0.1 cc. horse phospholipin emulsion 0.3 2’ 55 
Horse 1cc. + 0.1 ce. turtle phospholipin emulsion 0.3 2’ 05 
Chicken 1 ce. + 0.1 ec. chicken phospholipin emulsion 0.3 3° 10” 
Turtle 1 cc...... No clot 
Turtle 1 cc. + 0.1 ec. turtle phospholipin emulsion 0.3 3’ 50” 
Horse 1 cc. + 0.1 cc. horse protein fraction (anti- 

coagulant)... 5’ 30” 
Horse 1 cc. + 0.1 ce. chicken protein fraction (anti- 

coagulant)...... 6’ 15” 
Horse 1 ce. + 0.1 ce. turtle protein fraction (anti- 

coagulant)... . 10’ 
Chicken 1 ce...... 3’ 50” 
Chicken 1 ce. + 0.1 ec. chicken protein fraction (anti- 

coagulant)... . 30’ 
Chicken 1 ce. + 0.1 ce. horse protein fraction (anti- 

coagulant)... és 7’ 08” 
Turtle 1 ce. (whole blood was used, since plasma alone 

would not clot)....... 5° 
Turtle 1 cc. + 0.1 cc. turtle protein fraction (antico- 

Turtle 1cc. + 0.1 ce. calf protein fraction (anticoagu- 

ae No clot in 40’ 
Turtle 1 cc. + 0.1 cc. chicken protein fraction (anti- 

coagulant)... No clot in 40’ 


We finally reunited the various phospholipins and anticoagulant 
proteins to see if there existed any specificity in their union. Equal 
volumes of the two kinds of solutions were mixed and well shaken before 
testing. The anticoagulant protein solutions usually contained 0.8 
to 1.0 per cent coagulable protein, while the phospholipin emulsions 
were made up to 0.5 per cent strength. Of course, in the above mixture, 
the concentration of the clotting agent is only about one-half that of the 
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original active tissue extracts. 


Even considering that the solutions are 


weaker in concentration, we still did not find any mixture which came 


near in activity to the original extract. 


Table 3 shows the activity resulting from the different mixtures. 


TABLE 3 


CITRATED PLASMA 


Horse lce.+0.1ec. (horse phospholipin and horse anti-| 
Horse 1lce.+ 0.1 ce. (chicken phospholipin and chicken} 


anticoagulant).. 
Horse 1cc. + 0.1 ec. (horse phospholipin and chicken 
anticoagulant).. 
Horse lee. + 0.1 ce. 
anticoagulant)... 
Horse 1 ce. + 0.1 ce. 
Horse lcec.+0.lee. (turtle phospholipin and calf anti- 
Chicken 1 ce.. 
Chicken 1 ce. + 0.1 ee. (chicken phospholipin and chicker 
anticoagulant 
Chicken 1 ec. + 0.1 ee. 
Chicken 1 ce. + 0.1 ce. (horse phospholipin and chicken 


(chicken phospholipin and horse 


(horse phospholipin and horse 


anticoagulant).. 

Chicken 1 ec. + 0.1 ec. (chicken phospholipin and horse 
anticoagulant ) 

Turtle 1 ce.... 

Turtle 1 cc. + 0.1 ee. (turtle phospholipin and turtle | 
anticoagulant). 

Turtle lee.+0.1ce. (turtle phospholipin and calf anti- 
coagulant)... 

Turtle 1 ce. + 0.1 ce. (horse phospholipin and turtle 
anticoagulant)... 


1 PER | 
CENT CLOTTING TIME 
CaCle 
ce 
0.3 | 3’ 
0.3 | 1’ 15” 
0.3 | 3° 15" 
0.3 | 2’ 33°’ 
0.3 | 
0.3 | 
0.3 | 1’ 40” 
5’ 
0.3 | ge 
0.3 
0.3 
0.3 | 3° 25” 
No clot 
0.3 a’ 35° 
0.3 2” 
0.3 7’ 00” 


Table 3 brings out the important point that regardless of what animal 
the protein anticoagulant and phospholipin come from, whether the 
same or widely different, the union of the two always results in a coagu- 


lative activity greater than the phospholipin alone. 


must be an interaction occurring. 


Therefore, there 
The tests on the horse plasma in 


table 3 rather indicate that there may be some specificity in the protein 
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fraction since here the clotting time was shortest when horse phospho- 
lipin and horse anticoagulant were used, next with chicken phospholipin 
and horse anticoagulant and third with turtle phospholipin and horse 
anticoagulant. Then came horse phospholipin with turtle and chicken 
anticoagulants, respectively, and lastly, chicken phospholipin and 
chicken anticoagulant. 

Discussion of results. Two facts stand out in reviewing the results of 
this work. The first is that in the animals studied, the coagulation 
process must be very similar throughout. The tissue factor, tissue 
fibrinogen (thromboplastic substance, thromokinose, cytozyme) is 
found to be composed of a protein and a phospholipin fraction in each 
‘ase, the phospholipin exhibiting slight coagulative activity and the 
protein a very strong anticoagulative action. These two fractions 
from any of the animals may be recombined to give a coagulant with 
considerably greater activity than the phospholipin alone possesses. 
The inhibitory action of the protein fraction is in every case readily 
destroyed by the addition of the phospholipin from any source. 
Chicken tissue fibrinogen unites as well with horse blood fibrinogen as 
does the mammalian coagulant, although the speed of the reaction is 
much slower. On the whole, we may reasonably conclude that the 
mechanism of clotting is very similar, if not identical, throughout the 
mammals, birds and reptiles. 

The second outstanding fact is that although some degree of difference 
in action is observed in testing the tissue extracts of the various animals 
on the different bloods, still there is very little, if anything, of the nature 
of true specificity. There is still less of such specificity in evidence in 
the phospholipin fraction alone, and none whatever in the inhibitory 
action of the protein fraction. That the protein fraction should work as 
such a strong anticoagulant regardless of the blood used, speaks very 
strongly in support of our theory as to its manner of action in thus 
preventing clotting, that is, that it acts only through its power of 
combining with phospholipin, thus uniting with this fraction of the 
tissue fibrinogen in the blood and so preventing its combination with 
blood fibrinogen to form fibrin. We have already shown that the union 
between tissue and blood fibrinogens takes place through the phospho- 
lipin of the tissue fibrinogen. 


SUMMARY 


1. There exists some difference in the action of tissue extracts on the 
clotting of homologous and heterologous bloods, so far as the speed of 
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the coagulation is concerned, but not as regards the ability of the coagu- 
lant to enter into union with the blood fibrinogen to form fibrin. This 
is approximately the same in all lung tissue fibrinogens. 

2. The active tissue coagulant of all animal tissues studied is com- 
posed of a phospholipin and a protein fraction, the former exhibiting 
slight thromboplastie activity alone, while the latter acts always as a 
strong anticoagulant for all bloods. 

3. Little or no specificity is observed in the phospholipin action, or in 
that of the anticoagulant protein which acts always to inhibit clotting. 

4. The universal inhibitory nature of the protein fraction confirms 
our belief that it owes its action to its high and unsatisfied phospholipin 
combining power. 

5. Blood clotting seems to be a very similar process in all the types of 
animals studied. 
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In our former papers (1), (2), we discussed the effect of a restricted 
diet on growth, pubescence, the menopause, and sterility. In this 
paper we will present our observations on the results of such a diet on 
reproduction. 

Many investigators have shown that various modifications of the 
diet of an animal will cause often marked changes in its ability to 
reproduce. Only a few will be cited. 

The addition of protein from animal sources to the diet of hens has 
been shown (3), (4), (5), (6) to greatly increase the production of eggs 
over that of hens fed on a vegetable diet. This was especially true 
when milk and meat scrap furnished the souree of protein. When 
5 per cent of the protein was meat scrap the average number of eggs 
was 116. When 20 per cent of meat scrap was fed the egg production 
was increased to 158, an increase of over 36 per cent. There was not 
only an increase in number of eggs laid but also in their average weight. 
Havner and Grimes (7) found in swine the diet of the brood sows had 
a marked influence on the size of the litter and on the average weight 
of the young. Starling (8) has discussed the effect in Germany during 
the late war of the inadequate tood due io a reduction of 55 per cent in 
animal food production and 40 per cent in vegetable food production. 
He found that in two-thirds of the population chronic starvation caused 
a great loss of weight and a diminished resistance to disease. The 
death rate was increased and the birth rate decreased until the number 
of deaths considerably exceeded the number of births. 

In our experiment, since all groups of rats were subjected to the 
same environment and had the same kind of food except our controls 
which had food from animal sources added, the differences in results 
can only be attributed to the greater amount of animal protein in one 
diet over that of the other. 
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To facilitate handling the data we have divided our matings into 
five groups, based on the origin of the stock from which the individuals 
of the pair were taken. The control rats, or omnivorous feeders, have 
been designated group I. Those matings in which both male and 
female were selected from the omnivorous stock and had been on an 
omnivorous diet until the time of mating were placed in group II. When 
one rat of a pair was taken from the control stock and its mate from 
the offspring of the restricted feeders, such matings constituted group 
III. All matings in which both sexes were selected from the yqung 
of restricted feeders and had been on a restricted diet since birth formed 
group IV. Group V was composed of those restricted feeders which 
toward the end of the experiment were given an omnivorous diet. 

In table 1 we have shown the relative number of litters in the omniv- 
orous and restricted feeders. The average number of litters born 


TABLE 1 


Showing relative number of litters and of young borne by the two groups 


TOTAL MATINGS | BREEDING PAIRS 

ee | eg | 

| & | Se | Se | 

Omnivorous group * 90 | 2.92 | 13.95) 7 3.28 | 15.7 | 4.77 
Restricted group 130 | 0.80 3.74) 69 1.58 | 7.8 | 4.68 


per pair for all matings of the two groups was 2.92 for the controls and 
0.80 for those on the restricted diet. This is a ratio of 3.65 to 1. The 
great difference is to a large extent due to the fact that a much greater 
number of matings on the restricted diet failed to breed. As shown 
in our previous paper, 11 per cent of our controls failed to reproduce, 
and approximately 50 per cent of the restricted feeders proved to be 
sterile. 

When the total number of matings of the rats on a mixed diet is 
considered it is found that there were 11 per cent which failed to repro- 
duce. If only the breeding pairs of the omnivorous and restricted 
feeders are considered the average number of litters per pair was 3.28 
and 1.58 respectively, or a ratio of practically 2 to 1 in favor of those 


on the mixed diet. 
When the number in the average litter and the average number of 
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young born per pair are considered we find the mixed diet feeders again 
surpass those on the restricted diet. The average size of the litters of the 
omnivorous feeders was 4.77 and that of the restricted group was 4.68. 
This is aratio of 1.02to1. The difference in ability to reproduce is more 
marked if the average numbers of young born per pair are compared 
When the total matings are considered we find the total average young 
per pair of the omnivorous group was 13.95 while the average of all the 
restricted groups was 3.74, a ratio of 3.72 to 1. This marked dis- 
crepancy is again partly due to the great difference in percentage of 
non-breeding pairs in the two groups. But if only the breeding pairs 
are compared we still find a pronounced difference in favor of the 
omnivorous group. Each breeding pair of the omnivorous group 
averaged a total of 15.7 young while those on the restricted diet averaged 
only 7.8. This is a ratio of 2.01 to 1. 

The above figures of the restricted diet group are based on the averages 
from all matings which were placed on the restricted diet. These 
matings include animals which had been on an omnivorous diet up to 
the time they were mated as well as those taken from the restricted 
diet group. In many cases both the male and the female of a pair 
were from omnivorous stock and had been on a mixed diet until mating. 
In many other cases one of the pair was taken from the omnivorous 
group and the other from those on a restricted diet. This latter was 
done when a pair failed to reproduce, to test the sterility by introducing 
a strong healthy mate. Whenever possible matings were selected 
from the restricted diet group. In this group, however, the loss in 
ability to reproduce and the percentage of mortality of the young were 
so great that it was constantly necessary to introduce new strong ani- 
mals from the controls to maintain the colony. 

The above figures, therefore, fail to show the progressive effect of a 
restricted diet given for successive generations. This effect becomes 
more and more pronounced as the restricted diet is continued through 
successive generations. 

An attempt to show these effects in a graphic manner has been 
made for a few of the matings in the figures of plates 1 to 4. In these 
diagrams all the horizontal lines indicate pairs. The solid lines repre- 
sent omnivorous feeders, the dotted lines those on a restricted diet, 
and the dash-dot lines a partially restricted diet. The length of the 
line indicates the duration of the life of the female. Since each small 
space at the bottom represents a month, the length of life of any female 


may be readily computed. The upper diagonal line represents the 
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male and the lower the female. The point of junction of these diagonal 
lines shows when they were paired. The short vertical lines indicate 
litters and when they were born. The total number of young born for 
a given pair is shown in the first light-faced figure. The second light- 
faced figure indicates the per cent of mortality of the young. The 
pairs are designated by bold-faced type. There is thus shown dia- 
grammatically not only the pedigree of a pair and when they were 
mated, but also the length of time which they were given a certain diet, 
the duration of life of the female, the number of litters and when they 
‘were born, the total number of young born, and the percentage of 
mortality of the young. 


TABLE 2 


Showing the relative number of litters and young of different groups of matings on 
the two diets 


BREEDING PAIRS 
z | & | & 
| < 25/23/34) £5 | £4 
Omnivorous, group I......... 90 |Omnivorous |2.92 {13.95} 71 3.38/15.70) 4.77 
Omnivorous, group II.........| 67 |Restricted (0.94 | 3.86) 37) 1.66) 7.24) 4.36 
1 omnivorous, 1 restricted, | 
| 30 {Restricted {0.73 | 3.23} 9} 2.00) 8.82) 4.41 
Restricted group, IV.......... | 19 [Restricted (0.909) 3.32; 12) 1.82) 6.64) 3.65 
Restricted group, V...........; 14 |Omnivorous | 8.14) 11) 2.64/10.36, 3.93 


When animals from omnivorous stock were mated and placed on a 
restricted diet (group II, table 2), the effect on reproduction was often 
not seen for a few months and the first litter was born almost as soon 
as in control rats. In such a case, however, the time of birth of the 
second litter (if there was one) was generally much retarded. This 
is shown in plate 1, figure 3, 2/A and 25A and figure 4, 8A. By com- 
paring these pairs with a normal pair, such as 2A, figure 4, the difference 
is very noticeable, as 2A had produced three litters in the first 4 months 
after mating while those on restricted diet had but one litter and this 
was slightly delayed. In other cases the effect of malnutrition was 
manifested much earlier, as indicated by a delay in the birth of the first 
litter. This is shown in pairs 277, 37f, 10g, of figure 11, and 39d of 
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figure 12, plate 4. In still other cases the effect of the restricted diet 
was to completely suppress reproductive activity. This occurred in 
43 per cent of the omnivorous matings placed on a restricted diet. By 
consulting table 2 and comparing this group (II) with the normal (1), 
it is seen that in the total matings of the former there was a great reduc- 
tion in the average number of litters and in the average number of young. 
The ability to reproduce was only about one-third normal. As shown 
in our former paper, there was an enormous increase in sterility (about 
400 per cent). The ratio of reproduction is here 3.64 to 1 in favor of 
uhe omnivorous feeders. When the breeding pairs of groups I and I] 
are compared the differences in reproduction are not so great but still 
form a ratio of 2.17 to 1. There was, however, a relatively slight 
difference in the size of the average litter. This was doubtless due to 
the fact that the parents were omnivorous feeders until mating, and the 
first litter often showed little or no effect of the restricted diet. 

When we consider those pairs which are composed of one from 
omnivorous stock and the other from the restricted group, (group II1), 
we find a still greater divergence from the normal if the total matings 
are compared. In this case the average number of litters per pair was 
one-fourth normal and the non-breeding pairs almost six times greater 
than the normal. The ratio of reproduction in this case is 4.34 to L. 
This great difference is partly due to the fact that many of these matings 
were sterility-tests. That is, when a pair on the restricted diet failed 
to reproduce they were separated and each was remated to a strong 
omnivorous rat. In many cases both of the original pair proved to be 
impotent. The percentage of non-breeding pairs was thus increased 
and that of the average litters and young decreased. When only the 
breeding pairs are considered we find that the introduction of a strong 
omnivorous mate increased the average number of litters, the average 
number of young, and the average number of young per litter over those 
matings selected entirely from omivorous stock which were given the 
restricted diet. The ratio of reproduction to the normal in this case 
is 1.78to1. An explanation of this difference is not established at this 
time. There are, however, some results which point to a possible 
explanation. As was stated above, the effect of a restricted diet on 
omnivorous matings was sometimes not seen until some months had 
elapsed. It was then quite marked. After this seeming shock to the 
animal, which apparently interfered with its normal functions, there 
seems to have been a more or less successful attempt to reéstablish 
these suppressed functions. 
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This assumption is confirmed by a former experiment which showed 
the effect of a restricted diet on the voluntary activity of the albino rat. 
The females showed a steady daily increase in activity, from weaning 
(30 days) up to the end of 3 months of age. This increase of activity 
was only slightly below that of the normal rat. After 2 months of 
restricted feeding there was a rapid slump in activity for a period of 
2 months to a low limit. They remained in an almost inactive state 
for another month, after which there was a gradual increase of activity. 
- This second increase extended over 2 months of time and reached an 
amount only slightly greater than the first high point. This amount 
of activity, which was far below that of the normal rat, remained 
practically the same for a little over 2 more months, after which there 
was a second rapid fall followed by a gradual decline until the animal 
died. The record of the activity of the males fed on a restricted diet 
differed in practically only one respect from that of the females. The 
first increase and decline of activity coincided, but the second rise and 
fall occurred about 2 months earlier and was of shorter duration than 
that of the female. From these experiments the following conclusions 
may be deduced regarding the effect of a restricted diet on the volun- 
tary activity of the animal: 

1. Little or no effect was seen until about 2 months had elapsed. 
The activity increased in a normal manner as the animal became older. 

2. After 2 months’ restricted feeding the activity was decidedly 
reduced over a period of from 1 to 3 months. 

3. From 3 to 5 months after beginning the feeding there was a 
second rather rapid increase in activity to a certain amount. This 
amount was maintained for a period of from 2 to 5 months, after which 
there was a rapid decline to old age conditions. 

These results are shown in diagrammatic form in figure 4. 

If voluntary activity may be construed not only as an index of the 
condition of the muscles to function and an inclination of the animal 
to use them, but also of the fitness of other organs for physiological 
activity, then we may conclude that reproductive activities would 
respond to malnutrition in a similar manner. We believe such a 
conclusion justifiable. In other words, the spontaneous activity of the 
animal may be considered a measure of the fitness of the various organs 
to function. 

The differences in reproductive ability in the breeding pairs of groups 
II and III may, therefore, be explained as follows: 


EFFECT OF RESTRICTED DIET 173 


Group II may have had time to throw one litter before the effect of 
malnutrition was manifested. Owing to the subsequent lowering of 
vitality their inclination to breed was suppressed until a readjustment 
to the changed conditions had taken place as shown by the increased 
activity. This readjustment may have been still insufficient to stimu- 
late reproductive activities and no young were born. The introduction 
of a strong mate could stimulate reproduction in a lethargic animal 


| 

eae 


Fig. 1. Showing the average voluntary activity of rats on a restricted diet 
at different ages during their life span. The continuous line represents the 
males and the dotted line the females. The ordinates indicate the average daily 
number of revolutions of the revolving cage and the abscissa the age in months. 


which might not have been so stimulated by a sluggish mate. In other 
words, ability to reproduce may have been present but the stimulus 
to copulate too weak to be effective. 

Owing to the high percentage of mortality of the young of those 
pairs on the restricted diet (group IV) the total number of matings 
was relatively small. The males and females of those mating were 
all taken from the young of parents which had been fed on the restricted 


Ee 
| 
2000 = 
Age 5 10 1S 20 25 30 


JAMES ROLLIN SLONAKER AND THOMAS A. CARD 


> 10-70... 4.98. 


11-99 22 a 


Explanation of figures 2 to 12 (inclusive). The horizontal lines represent pairs. 
The solid lines indicate omnivorous feeders; the dotted lines, restricted feeders; 
and the dash-dot lines, partially restricted feeders. The length of the line gives 
the duration of life of the female of a pair. Each small space at the bottom equals 
a month. The upper diagonal line represents the male and the lower diagonal 
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line the female of a pair. The junction of these two lines shows when they were 
paired. The short vertical lines indicate litters and when they were born. The 
total number of young borne by a given pair is indicated by the first light-faced 
figure. The second light-faced figure indicates the per cent of mortality of all 
the young born to that pair. The pairs are designated by bold-faced type. 
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diet. They therefore include the young from groups IT, III and IV. 
When we compare the total matings of this group we find a marked 
contrast in the results. The average number of litters was about one- 
third normal, the average number of young one-fourth normal, and the 
number of non-breeding pairs four and one-half times greater than the 
normal. The ratio of reproduction between the two groups was in this 
case 4.22 to 1. Comparing the breeding pairs in the two groups, we 
find the difference not so great. In this case the average number of 
litters per pair was almost one-half normal, the average number of young 
about one-fourth normal, and the average number per litter 13 per 
cent below the normal. The ratio of reproduction was 2.36 to 1 in 
favor of the omnivorous feeders. 

The above figures do not show the progressive effect of a* restricted 
diet continued through successive generations, as some of the matings 
were taken wholly or in part from omnivorous stock. The litters born 
from omnivorous pairs placed on a restricted diet have been designated 
the first generation; the litters from matings of the first generation are 
valled the second generation; and so on through successive generations. 
Since the first litter of omnivorous matings was often born in a normal 
time and from animals which had not yet shown the effects of a re- 
stricted diet, these young would have greater vitality than the second 
or third litters. They would therefore have an initial advantage over 
the later litters. 

The matings taken from different litters and generations of the young 
of restricted feeders are grouped and arranged in table 3. By consult- 
ing this table one is impressed by the small number of matings. There 
were but fifteen matings made from different litters of the first genera- 
tion and only four which involved the second generation. This was 
on account of the lack of material due to reduced reproduction of 
the parents and the increased mortality of the young. Owing to this 
scarcity, many of the young of the first and second generations of the 
restricted diet group had to be paired with young from the omnivorous 
group. The averages in this table are, therefore, from too few pairs 
to be conclusive. They, however, show in general a progressive effect 
of the restricted diet on reproduction. It is also seen that there were 
only four matings which involved the second generation and one of the 
third. Of the four matings which included the second generation, only 
one produced young and these died. These matings thus showed 
that 75 per cent were impotent. Unfortunately it was impossible to 
make any matings where both of the pair were taken from the second 
generation of the restricted group. 
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This table also indicates a readjustment of the animals in such a 
manner as to enable them to use the restricted diet to a better advan- 
tage. That this readjustment required considerable time is shown by 
comparing the offspring of the first litter with those of the second. 
When all matings are considered the average number of young per 
pair from matings taken from the first litters was 5.7 while the average 
of those matings taken from the second litters was 12.65 young per 
pair. This indicates that the period of readjustment in the parents 
occurred sometime between the average age of the birth of the first 
and of the second litters. It appears that the second litter had gained 
something from the parents which the first litter did not. This is 


TABLE 3 
Showing the relative number of litters and young, and the per cent of mortality of the 
young of pairs mated from different litters and generations fed on a 


restricted diet 


BREEDING P 


= >= >> os 


First and first... 6 First 2.6 |11.3 | 4.25) 73 
Second and second . 3 First 2.67|12.67| 4.74) 45 
Third and third. 2 First 11.0} 4.5 | 4.5 $ 
First and third 2 First 2.0 | 5.5 | 2.75) 100 

2 First l 4 7 
Second and third..... 4 | First and 


second 0.25) 0.25 75 1.0 1.0 1.0 100 


also indicated by comparing the per cent of non-breeding pairs of the 


first and secord litter matings. In the first case 50 per cent failed 
to reproduce while in the latter all produced young. When the matings 

from the first and second litters of breeding pairs only are compared the 
difference in the average number of young is relatively small. This 
may possibly be explained by the fact that many of the first litter were 
not born until a considerable time after mating, which corresponds fairly | 


closely with the period of readjustment of the parents. The history 
of these breeding pairs from the first litter shows that the parents of 
these three pairs had been on a restricted diet for 2, 6 and 7 months | 
The parents of each of the three second litter matings 


respectively. 


TOTAL MATINGS 4 
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had been on the restricted diet 4, 4.5 and 5 months, respectively. 
The matings, however, are too few to draw any general conclusions 
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as the differences might be due simply to variations of individual 
potency. 
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From the above data we may conclude that rats fed on a diet 
restricted to vegetables show a progressive reduction in fecundity 


1915 i919 


through successive generations and complete extermination by the 
third generation. 
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Toward the end of the experiment an attempt was made to rejuve- 
nate the more or less depleted restricted feeders by feeding them on an 
omnivorous diet. This attempt lasted for almost one year. The 
results of this effort are shown in group V, table 2. A very marked 
improvement over groups II, III and IV is noticed, but up to the end 
of the experiment they had not been restored to normal condition. 
Comparing the total matings with those of the normal, we find that 
the average number of litters per pair was still about 29 per cent below 
normal, the average number of young per pair was 40 per cent below 
normal and the non-breeding pairs were almost twice as many as the 
normal. When only the breeding pairs of these two groups are com- 
pared we find the average number of litters per pair was about 20 per 
cent below normal, the average number of young per pair was about 
34 per cent below normal, and the average number of young per litter 
was almost 18 per cent below the normal. Though the experiment 
was stopped before complete restoration to normal conditions, we be- 
lieve the evidence warrants the ‘conclusion that rats which have not 
completely lost the power of reproduction, due to a restricted diet, 
may in time recover the normal cendition when given an omnivorous 
diet. Complete recovery of reproductive power would require two or 
three generations. It is very doubtful whether rats of the third genera- 
tion on a restricted diet could be rejuvenated. 

From the results of feeding rats on a diet restricted to plant sources 
the following conclusions may be given: 

1. A greater number of animals became impotent. 

2. The fecundity of the animals was greatly reduced. 

3. The animals lost the power of reproduction by the third generation 
and the line of descent became extinct. 

4. Animals still capable of reproduction were restored to nearly 
normal conditions by an omnivorous diet. 
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In a previous publication of the Minnesota Agricultural Experiment 
Station (1) experiments were described in which a definite atrophic 
effect was noted in the testes of white leghorn cockerels when the diet 
was deficient in the antineuritic vitamin. It was also observed that 
this atrophy took place in spite of the fact that the birds had not lost 
in body weight. In those experiments the experimental birds, which 
were few in number, were placed on experiment without definite knowl- 


ledge as to their age and previous dietary history. 

The experiments described in the present paper are the result of an 
attempt to carry out the same type of investigation using a larger 
number of birds all hatched at the same time from eggs obtained from 
standard stock, with the view of obtaining more definite information 
regarding the influence of the antineuritic vitamin upon the develop- 
ment of testes and other organs, under experimental conditions which 


would reduce to a minimum many sources of error where birds are 
picked at random from the University flock. 

Much of the literature dealing with the influence of diet upon the 
development of organs has dealt with experimental studies during under- 
feeding. While inanition studies show that many organs do not develop 
normally, it is difficult to determine which of the absent food com- 
ponents has the greatest influence in this regard. It was with this in 


1 Published with the approval of the Director as paper no. 357 Journal Series, 
Minnesota Agricultural Experiment Station. 

This investigation was planned in consultation with Prof. R. Adams Dutcher, 
formerly of this Division but now of the Department of Chemical Agriculture of 
Pennsylvania State College. The work was carried out subsequent to Professor 
Dutcher’s resignation under the supervision of Dr. L. S. Palmer. My sincere 
thanks are therefore due to both Professor Dutcher and Doctor Palmer. 
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mind that Funk and Douglas (2) and Douglas (3) made the first studies 
on the development of organs in animals which had been fed diets 
deficient in the antineuritic vitamin. These investigators found that 
degeneration and atrophy of the glandular organs (pituitary, thyroid, 
suprarenal, ovary, testis, kidney, liver, pancreas and spleen) accom- 
panied the feeding of vitamin deficient diets. 

Allen (4) noted total degeneration of germ cells in testes of rats which 
had been fed on a ration deficient in the antineuritic vitamin. Mc- 
Carrison (5), working on monkeys, guinea pigs and pigeons, has also 
noted that the absence of vitamins tends to bring about atrophy of 
many organs, hypertrophy of suprarenals and a “ballooning” of the 
digestive tract. Novaro (6) has made similar observations regarding 
the atrophy of testes. 

LaMer and Campbell (7), working with guinea pigs, observed that 
diets deficient in vitamin C produced hypertrophy of suprarenals 
while guinea pigs which had been starved did not show an increase in 
weights of suprarenals. Similar observations were made by Vincent 
and Hollenberg (8) and Kelleway (9). 

No attempt will be made to review the voluminous literature with 
regard to the influence of chronic and acute inanition upon the develop- 
ment of organs other than to point out that most of these investigations 
have shown that there is a tendency for organs to atrophy when the 
diet is inadequate in quantity. An exception to this general statement 
should be made in the case of the suprarenal glands, which tend to 
hypertrophy during inanition. 

On account of the fact that the chicken is particularly susceptible 
to diets deficient in the antineuritic vitamin and also on account of the 
important place that this bird holds in our economic life, it was thought 
that a detailed study of the problem might lead to further studies of 
economic importance with reference to the importance of diet in relation 
to breeding problems and possibly to later problems in egg production. 
fertility and hatchability of eggs. 

EXPERIMENTAL: Plan of the experiment. The general plan of the 
investigation was to hatch a large number of chickens from pedigreed 
or line bred stock and feed them on a normal diet until it was possible 
to separate the cockerels from the pullets. The cockerels were to be 
divided into three groups and these groups were to be fed on a, a normal 
poultry ration; b, an adequate “synthetic” ration, and c, a synthetic 
ration deficient in the antineuritic vitamin. Weights and measure- 
ments were to be made on as many organs as possible in all of the 
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experimental birds. It was planned, also, to make a biometrical study 
of the data accumulated. 

The actual experiment. Arrangements were made in the = spring 
of 1921 with a recognized breeder of single comb white leghorn poultry 
to supply the eggs. Six hundred and nine chicks were hatched on 
April 3, 1921, and reared in a large brooder house equipped with hovers. 
The ration was the accepted chick ration for that region and all chicks 
had access to alfalfa and bluegrass range. 

On May 7th (34 days after hatching) 200 cockerels of uniform ap- 
pearance and weight were selected for the experimental work. These 
were removed to the home of the writer and placed in a brooder house 
with roosts. 

They were fed chick scratch grain morning and evening, wet mash 
once daily as well as having access to dry mash during the day. They 
also were allowed free range in runways containing bluegrass and clover. 
From May 8th, on which date they were banded and weighed, weekly 
weighings were made of each individual. On June 18th (when the 
birds were 76 days old) 150 normal cockerels were taken to the Univer- 
sity Farm where they were divided into three groups, designated as 
pens A, B and C respectively. On June 22nd (when the birds were 
80 days old) they were placed on the experimental diets. The com- 
position of the various rations is indicated in table 1. 

The casein, used in the rations of pens B and C, was prepared by 
washing commercial casein in several washings of distilled water acidified 
with hydrochloric acai to a pH of 4.8 after which it was dried and 
ground. The starch was a commercial grade of cornstarch. The 
butter fat was obtained by melting unsalted butter at 60°C. and filtering 
off the clear fat after the water and curd had settled out. The salt 
mixture was made as indicated in table 1 while the yeast product was 
made from Fleischmann’s compressed bakers’ yeast by drying at room 


temperature with an electric fan. The dried product contained about 
40 per cent yeast. The lard was an ordinary commercial family grade, 
bought at the local market. 

After mixing the casein, starch, salt mixture and yeast, the lard and 


butter fat were added and mixed to a uniform consistency by hand. 
To this mixture 10 per cent of moistened paper pulp was added to 
furnish bulk. All rations were fed three times a day, allowing the 
birds to eat all that they cared to consume. 

When the birds had been on the experimental diets for 4 weeks, 
twenty-five birds in each group were autopsied and weights and measure- 
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ments were taken on eight organs, viz., thyroid, suprarenals, heart, 
liver, spleen, pancreas, kidney and testes. It was not possible to do this 
work in one day, with the result that seven days were required for 
killing and autopsying the birds. For convenience of discussion we 
will designate these birds as group I. 


TABLE 1 


The experimental rations 


| PEN B 


Regular poultry ration: Normal synthetic diet: per cent 


Mash: | Starch....... 
Casein...... 


15 parts ground corn | Butterfat 

15 parts wheat middlings 

10 parts wheat bran | Salt mixture... 

15 parts high grade meat scrap Yeast product. . 
Grain | Water ad libitum 


5 parts cracked corn aad 
5 parts wheat — 
Alfalfa and water ad libitum 


per cent 
Synthetic diet lacking the anti- 
neuritic vitamin 
Stareh..... 
Casein 
Butterfat... 
Salt mixture™.. 
Water ad libitum 


*Salt mixture 
Bone ash 
Calcium carbonate... . 
Sodium chloride.............. 
Acid potassium phosphate 
Calcium lactate..... 
Magnesium sulphate. 
Ferrous sulphate..... 
Sulphur 


The remaining birds in pens A, B and C (group II) were allowed to 
continue on experiment until polyneuritic symptoms developed. As 
soon as a bird in pen C developed symptoms it was killed and autopsied, 
and at the same time a bird was autopsied from each of the other pens 
(A and B) for comparison. In 2 weeks’ time, after the removal of 
group I, all of group II had been autopsied. 
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All organs were transferred, after extirpation, to a moist chamber 
and weighings and measurements were made as rapidly as possible. 
THE EXPERIMENTAL DATA: A. Thryoid gland. It will be noted 
from table 2 that a loss occurs in the weight of the thyroid gland of 
birds on the vitamin-poor diet (pen C). However, the thyroid glands 
of birds on the vitamin-poor diet forms an average of 0.0048 per cent 
of body weight. The normals for the initial body weights would be 
0.005 per cent for birds on the regular poultry diet and 0.0052 per cent for 
birds on the vitamin-rich diet. In groupII the vitamin-poor series forms 
an average of 0.0049 per cent of the body weight in comparison with 0.0046 
per cent for the regular poultry diet series and 0.0042 per cent for the 


TABLE 2 


Arithmetical averages of the weights of thyroid glands 


A—REGULAR B—NORMAI PEN ¢ DE 
POULTRY RATION SYNTHETIC RATION SYNTHETIC RATION 


gram gram gram 


0.0412 0.031 
0.0409 0.0277 


0.0398 
0.043 


TABLE 3 


Arithmetical averages of the weights of suprarenal glands 


PEN A--REGULAR PEN B--NORMAL PEN ¢ DEFICIENT 
POULTRY KATION SYNTHETIC RATION SYNTHETIC RATION 


GROUP NUMBER OF BIRDS 


gram gram 


gram 


I 75 0.1066 0.115 0.111 
II 75 0.109 0.116 0.118 


vitamin-rich diet series. The loss in the body weights of birds on 
vitamin-poor diet would indicate that there has been no significant 
loss in the absolute weight of the thyroid gland. 

On account of the variability of the thyroid gland, and the difficulty 
in dissecting it out accurately, no final conclusion can be drawn from the 
limited number of observations. 

B. Suprarenal glands. From table 3 we see that no loss occurs in 
the weight of the suprarenal glands of the birds on the vitamin-poor 
diet. It would appear, however, that the loss in the body weight of 
the birds on the vitamin-poor diet would indicate that there has oecurred 
a significant difference in the relative weights of the suprarenal glands. 
When calculated on the per cent of body weight, it is evident that the 
suprarenal glands of birds on the vitamin-poor diet form an average 
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of 0.0176 and 0.021 per cent in comparison with 0.0115 and 0.0118 
per cent for the vitamin-rich diet series and 0.0106 and 0.0121 per 
cent for the regular poultry ration series. 

C. Heart. It will be noted from table 4, that there are significant 
differences of 0.830 + 0.105 and 1.173 + 0.121 in the weight of hearts 
between birds receiving the regular poultry ration and the vitamin-poor 
diet for groups I and II respectively, as well as significant differences of 
0.236 + 0.035 and 0.400 + 0.038 in the length of hearts beween birds 
receiving the regular poultry ration and the vitamin-poor diet of groups 


TABLE 4 
Statistical means of weights and lengths of hearts 


NUMBER PEN A—REGULAR PEN B-—-NORMAL PEN € DEFICIENT 
OF BIRDS POULTRY RATION SYNTHETIC RATION SYNTHETIC RATION 


GROUP 


Weights of hearts 


grams grams jrams 
475+0.089 | 3.271+0.068 2.645+0.057 
494+0 114 3.712+0.094 2.321+0.041 


Length of he: 


irts 


cm cm cm 
786+0 .030 2.708+0 .026 2.55+0.019 
893+0 .033 2.871+0.028 2.493+0 .020 


TABLE 5 


Statistical means of weights of livers 


NUMBER PEN A--REGULAR PEN B-—NORMAL PEN ¢ DEFICIENT 


GROUP 
: ; OF BIRDS POULTRY RATION SYNTHETIC RATION SYNTHETIC RATION 


21.959+0.513 | 17.666+0.444 
27 .565+0.698 13 .739+0.558 


I 75 20.42 +0.405 
II 24.173+0.808 


I and II, respectiyely. Significant differences between the weight and 
length of hearts of birds on vitamin-rich and vitamin-poor diets are 
also apparent. 

D. Liver. While slight differences in the weight of livers are ap- 
parent between the various pens in group I, they do not appear to be 
of sufficient magnitude to be significant. However, in group II the 
liver shows a significant difference of 10.434 + 0.993. It would ap- 
pear from these data that the liver is affected later than the heart, or 
as the symptoms of polyneuritis occurred in the early period of inanition. 
As the liver is normally subject to great individual variation in weight 
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(co-efficients of variability range from 14.72 + 1.404 to 28.82 + 2.88 
caution should be observed in drawing final conclusions. However, 
since the difference is ten and one-half times the probable error, the 
results are quite significant. 

Calculated on basis of per cent of body weight, the vitamin-poor 
series forms an average of about 2.789 per cent in comparison with 2.702 
and 2.827 per cent for the regular poultry ration series and vitamin- 
rich diet series respectively. In group II, it forms 2.659 per cent in 
the regular poultry ration series, 2.882 per cent in the vitamin-rich 
diet series and 2.461 per cent in the vitamin-poor diet series. It ap- 
pears, therefore, that the liver apparently loses in weight, relatively, 
more than does the body as a whole. 


TABLE 6 


Statistical means of weights and lengths of spleens 


GROUP NUMBER PEN A—REGULAR PEN B—NORMAL PEN ¢ DEFICIEN 
= OF BIRDS POULTRY RATION SYNTHETIC RATION SYNTHETIC RATION 


Weight of spleens 


| grams grams grams 
I 75 1.105+0.052 1.302+0.058 1.115+0.050 
II 75 1.44 +0.088 1.234+0.058 0.538+0 028 
Length of spleens 
cm cm m 
I 75 1.856+0 022 1.90 +0.023 1.841+0.031 
I] 7 


5 1.982+0.033 1.869+0 .029 1.443+0 .026 


Most investigators agree that the loss in the weight of the liver, due 
to inanition, is relatively greater than that in any other organ. Ob- 
servers have found that the loss is practically always relatively greater 
than in the body weight as a whole, yet the amount of loss is quite 
variable. 

E. Spleen. The normal spleen is one of the most variable organs in 
the body. 

It will be observed here, as in the case of the liver, that no significant 
difference in the weight or length of the spleen occurs until the onset 
of polyneuritic symptoms. In group II a significant difference of 
0.902 + 0.092 in the weight of the spleen occurs between the vitamin- 
poor series and the regular poultry diet series, as well as a significant 
difference of 0.539 + 0.042 in the length of the spleens in the same 
series. 
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F. Pancreas. It will be noted from table 7, that in no case do we 
find a significant difference. However, when calculated in relative 
percentage of body weight we find that the pancreas weights of the 
vitamin-poor series show a percen.age of 0.345 in comparison with 
0.251 per cent for the regular poultry ration series and 0.230 per cent 
for the vitamin-rich diet. 

G. Kidneys. The mean weights of the kidneys show that a signifi- 
cant difference of 1.023 + 0.192 and 1.348 + 0.139 in the weight of 
the kidneys of group I and II, respectively, exists between the vitamin- 


TABLE 7 


Statistical means of weights and lengths of pancreas 
GROUP NUMBER PEN A-—REGTULAR PEN B-—NORMAL PEN C——DEFICIENT 
" OF BIRDS | POULTRY RATION SYNTHETIC RATION SYNTHETIC RATION 


Weight of Pancreas 


grams grams grams 
2.165+0.049 2.125+0.061 .239+0 .054 
2.10 +0.061 


9 
2.378+0.054 | 1.93440.073 


Length of pancreas 


cm, | cm, | cm. 
11.83 +0.107 11.354+0.107 | 11.395+0.090 
11.619+0. 106 11.967+0.122 | 10.533+0.138 


TABLE 8 
Statistical means of weights of kidneys 


NUMBER | PEN A—REGULAR PEN B—NORMAL } PEN ¢ DEFICIENT 
OF BIRDS | POULTRY RATION SYNTHETIC RATION | SYNTHETIC RATION 


6.21 40.163 6.0214+0.133 | 5.187+0.103 
5.924+0. 127 6.86040.110 | 4.57640.058 


poor series and the regular poultry ration series. Considering the 
importance of the kidneys it would appear from the greater signifi- 
cance in the loss in the weight in group II that its functions have been 
greatly impaired by the vitamin deficient diet. 

H. Testes. From table 9 it will be noted that there was a distinct 
failure to grow as well as a distinct atrophy of the testes of birds re- 
ceiving the vitamin-poor diet. Significant differences of 2.461 + 0.324 
in the weight of testes and 0.694 + 0.095 in the length of testes are 
apparent when comparing the birds receiving the regular poultry 
ration with those receiving the vitamin-poor diet in group I. In group 


I 75 
II 75 
I 75 
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II 75 


OF ANTINEURITIC VITAMIN 


INFLUENCE 


TABLE 9 


Statistical means of the weights and lengths of teste 


NUMBER PEN A-—REGULAR PEN B--NORMAL PE* DEFICIENT 
OF BIRDS POULTRY RATION SYNTHETIC RATION SYNTHETIC RATION 


GROUP 


Weight of testes 


grams grams am 


I 75 2.82 +0.318 2.292+0.289 0.358+0 .037 
75 3.848+0.666 3.5438+0.524 0). 228+0 012 


Length of testes 


cm. cm cm 


I 
II 


75 | 2.09 +0.086 1.96 +0.086 1.396+0.042 
75 2.228+0. 127 2.228+0.091 1.207+0.028 


‘II, we find significant differences of 3.619 + 0.667 in the weight of 
testes and 1.021 + 0.130 in the length of testes of birds receiving regular 
poultry ration and those receiving the vitamin-poor diet. It appears, 
therefore, that the lack of vitamin B in the ration affects at once the 
development and growth of the testes of white leghorn cockerels. 
This confirms the work of Dutcher and Wilkins (1) on the effect of 
alfalfa in polished rice diets fed to white leghorn cockerels. It would 
appear that the testes are particularly susceptible to low levels of the 


antineuritic vitamin. 

I. The food intake. It was observed that the amounts of food con- 
sumed in pens A and B increased as the experiment progressed while 
the food consumption gradually decreased in pen C. (See charts 1 


and 2.) 


TABLE 10 


The mean, standard deviation, and the coefficient of variability of the weights and 
and lengths of organs of birds of group I 


PEN B 


PENA 


The weight of heart 


3.475 +0.089 3.271 +0.068 +0).057 
SD 0.663 +0.063 0.494 +0.048 0.420 +0.040 
19.10 +1.82 15.10 +1.41 +1.54 


The length of heart 


+0.019 


I 2.786 +0.030 2.708 +0.026 
SD 0.228 +0.021 0.194 +0.018 0.138 +0.013 
8.17 +0.795 7.16 +0.697 
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TABLE 10—Concluded 
PEN A 


“The weight of testes 


2.82 +0.318 2.292 +0.289 


2.36 +0.225 2.10 +0.205 
83.7 +7.98 91.6 


+8 .92 


The le sngth of testes 


+0 .086 


2.09 +0.086 1.96 
0.643 +0.061 0.628 +0.061 
30.76 +2.93 | 32.04 +3.12 


weight | of splee n 


1.105 +0.052 
0.387 +0.038 
35.02 +3.34 


“The length of spleen 


1.302 +0.058 
0.423 +0.041 
30.17 +2.94 


1.856 +0.022 1.90 +0.0238 
0.165 +0.0128 | 0.172 +0.0168 
9.10 +0.887 


8.91 +0.850 


The t we veight of kidneys 


6.21 +0.163 021 +0.133 
1.207 +0.115 ; 968 +0.094 
19.4 +1.85 16.08 +1.56 


The weight of liver 


21.959 +0.513 


20.42 +0.405 
3.004 +0.286 3.72 +0.362 
14.72 +1.404 16 98 +1.65 


T he we ight of pancreas 


2.165 +0.049 
0.365 +0.034 
16 89 +1.61 


2.125 +0.061 
0 44 +0.043 
20.94 +2.04 


T he le meth of f pancreas 


11.83 +0.107 11.354 +0.107 
0.7959+0 .0758 
6.72 +0.641 6.85 +0.667 


0.7769+0.0757 | 


+0.037 
+0026 


0.3587 
0.268 


74.70 + 7.28 


+0.042 
+0 .0297 


+2.13 


1.396 
0.305 
21.94 


5 +0.050 
7 +0.035 
+3.20 


+0.031 
> +0.022 
+1.19 


7 +0.103 
+0.074 
+1.43 


17.666 +0.444 
22 +0.313 
+1.80 


+0 .054 
+0.038 
+1.71 


5 +0.090 
+0 .063 
+0558 


M 
C 
C 
M 1.11 
SD 0.36 
C 32.90 
M 1.84 
SD 0. 22¢ 
C 12.3 
M 5.18 
SD 0.76 
14.7 
M 
SD 

M 2.239 
C | 17.58 

M 11.39 
SD 0.65 
C 5.73 
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TABLE 11 


The mean, standard deviation, and the coefficie nt of variability of the weights and 
le ngths of organs of hirds of group IT 


PEN A 
The weight 


3.494+0.114 
0.815+0.081 


23.3 +2.31 


2.893+0 .033 
0. 235+0 0234 
8.12 +0.807 


The weight 


3.848+0.666 
4.73 +0.470 


122.9 +12.22 


The length 


2.228+ 0.127 
0.902+ 0.096 
+ 4.01 


40.4 


1.44 + 0.088 
0.626+ 0.062 
43.47 + 4.32 


1.982+ 0.033 
0.235+ 0.023 
11.89 + 1.18 


5.924+ 0.127 


0.902+ 0.089 | 


6.2 + 1.6) 


24.173+ 0.808 
5.74 + 0.585 


23.74 + 2.36 


The length 


The weight of spleen 
The length of spleen 


The weight of kidneys 


PEN B 


of heart 
3.712+0 0949 
0.674+0 067 


18.1 +] 80 
of heart 
2.871+0.0287 


0.204+0.0201 
7.01 +0.694 


of testes 


43+0.524 
2 +0.370 
104.9 +10.433 


3.5 
3.7 


of testes 
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2.321 +0.041 
0.294 +0 029 
12.6 +1.25 


2.494 +0 0202 


0.144 +0.0143 
5.77 +0.574 


0.2283+0 0124 
0.0882+0.0087 
38 .6 +3 .84 


2.228+ 0.091 | 
0.650+ 0.064 | 
29.1 + 2.89 


234+ 0.058 
0.412+ 0.041 
33.49 + 3.33 


1.207 +0.0287 
0.204 +0.0202 
16.9 +1.68 


0.538 +0.028 
0.203 +0.020 


37.73 +3.75 


1.869+ 0.029 
0.209+ 0.020 
| 


6.86 + 0.110 
0.8074 0.078 


The weight of liver 


27.565 +0.698 
4.96 + 0.493 
17.9 + 1.78 


1.443 +0.026 
0.186 +0.018 
+1.28 


12.91 


4.576 +0.058 
0.413 +0.041 
9.02 +0.897 


13.739 +0.558 


3.96 +0.393 
28.82 +2.88 
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TABLE 11—Concluded 
PENA PEN B 


Weight of pancreas 


2.10 + 0.061} 2.378+ 0.054] 1.934 40.073 
0.424+ 0.043} 0.3874 0.038! 0.518 +0.051 
20.19 + 2.00 | 16.26 + 1.61 | 26.84 +2.67 


Length of pancreas 


11.619+ 0.106 11.9674 0.122} 10.533 +0.138 
0.756+ 0.075 0.870+ 0.086 0.981 +0.097 
6.51 + 0.647 7.27 + 0.723 9.41 +0.936 


TABLE 12 
Average weight and length of the organs of the birds of group I 


PEN A 


=> 


Testes weight (gm.)... 2.698 
2.102 
Heart weight (gm.)....... .524 
Heart length (em.)....... 2.792 
Kidneys weight (gm.)......... .215 
Spleen weight (gm.)....... .101 
Spleen length (cm.)........ .80 
Pancreas weight (gm.).................. 2.175 
Pancreas length (cm.)..... 11.78 
Liver weight (gm.)............... 20.51 
Tagroia weight 0.0398 
Adrenal weight (gm.).................... | 0.1066 
Average weight of birds (gm.)............ | 796.0 


orto 


TABLE 13 
Average weight and length of the organs of the birds of group II 


PEN B 


2.24 

.521 
2.88 


Heart weight (gm.)............... 
Kidneys weight (gm.)................... 5 
Spleen weight 1.50 
1 


.98 
Pancreas weight (gm.)................... 2. 2.135 
Pancreas length 11.56 
Thyroid weight (gm.).................... d 0.043 
Adrenal weight 0.109 
Average weight of birds (gm.)........... ‘ 927.1 
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| Pe | PEN B | PENC 
219 | 422 
| 1.928 | 41 
| 61 
| 2.754 55 
| 599 | 205 
129 | 115 
| 1.89 | 795 
2.15 | 33 
| 11.37 | | 4 
| 22.07 59 
| 0.0412 | 0.031 
0.115 | 0.111 
| 780.0 | 630.0 
| PEN A | Pe PENC 
| 0.238 
| 
| 2.31 
| 2.47 
| 4.62 
| 0.51 
1.45 
1.93 
| 10.76 
| 13.78 
| 0.0277 
‘ | 0.118 
559.7 
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C -+-~~ Synthetic Diet Lacking 
Water Soluble Vitamin 


Chart 1. This chart shows the growth curves of the seventy-five birds in 
group I and the food intake per week per bird of this group after the birds were 
placed on the experimental diets. These birds, consisting of 25 individuals in 
each pen, comprised one-half of the experimental flock. They were killed and 
autopsied after 4 weeks of experimental feeding which began at the point z on 
the growth curves. The birds in pen A received a normal ration of grain mash, 
scratch feed and green roughage throughout the entire experiment. The birds of 
pen B received this diet up to the point z on the growth curves, when they were 
given a synthetic diet of starch, casein, butterfat, lard, salt mixture and yeast. 
Beginning at z the birds in pen C also received the same synthetic diet with the 
exception of the yeast. 
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@roup II. Growth 
a. —— Regaler Poultry Ration 
3B — — Hormel ayntietic Diet 


Synthevio Diet Lacking 
Water Soluble B Vitenis 


Chart 2. This chart shows the growth curves of the seventy-five birds in 
group IT and the food intake per week per bird of this group after the birds were 
placed on the experimental diets. These birds, consisting of 25 individuals in 
each of pens A, B and C, comprised the remainder of the flock which was continued 
on the experimental rations from the point z on the growth curves until all the 
birds in pen C had exhibited symptoms of polyneuritis. As soon as one bird in 
pen C showed such symptoms it was killed together with one bird from each of 
pens A and B. The rations fed the birds in each pen are described in table 1 
and also in connection with chart 1. 
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Chart 3. This chart she th ights of the thv: 
glands of birds of pens A, B and C of groups I and II respee 

Group I, consisting of 25 indivi i in each of 
one-half of the experimental flock. They were kil 
of experimental feeding Group I] 
B, andC comprised the remainder of the flo¢ck which was cont 
mental rations until all the birds i n (C had exhibited sympt 
neuritis. As soon as one bird in pen © showed such svmopt 
together with one bird from each of pens A and B 

The birds in pen A received a normal ration of grain mash, scratch feed and 
green roughage throughout the entire experiment. The birds of pen B received 
this diet up to the point x on the growth curves (see charts 1 and 2), when the 
were given a synthetic diet of starch, casein, butterfat, lard, salt mixture and 
veast. Beginning at x on the growth curves (see charts 1 and 2) the birds in 


ven C also received the same synthetic diet with the exception of the veast 
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| | | Group 11 
| 
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TT 


Chart 4. This chart shows the weights and lengths of hearts of birds of pens 
A, B and C of groups I and II, respectively. The rations fed the birds in each 
pen are described in table 1 and also in connection with chart 3. The manner in 
which groups I and II were handled is described in connection with chart 3. 


Chart 5. This chart shows the weights and lengths of spleens of birds of pens A, 
B and C of groups I and II, respectively. The rations fed the birds in each pen 
and the manner in which the birds of the groups were handled are described in 
connection with chart 3. 
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3+ 
Length of 
Pahcreap 


Chart 6. This chart shows the weights and lengths of pancreas of birds of pens 
A, B and C of groups I and II, respectively. The rations fed the birds in each 
pen and the manner in which the birds of the groups were handled are described 
in connection with chart 3. 
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Chart 7. This chart shows the weights of kidneys and livers of birds of pens A 
B and C of groups land IT, respectively. The rations fed the birds in each per 
and the manner in which the birds of the groups were handled are described in 
connection with chart 3 
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Fig. 1. This plate shows a representative bird of pen B, group II, at autopsy. 
A, suprarenal, 7’, testicle, S, spleen. 

This representative bird of pen B, group II, weighed the same as the representa- 
tive bird of pen C, group II (see fig. 2) at the point x on the growth curves (see 
chart 2) and in every external character appeared to have attained the same 
development. The pictures were both taken at the same focal distance. 

The birds of pen B received a normal ration of grain mash, scratch feed and 


green roughage up to the point x on the growth curves (see chart 2), when they 
were given a synthetic diet of starch, casein, butterfat, lard, salt mixture and 


yeast. 
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Chart 8. This chart shows the weigh 
B and C of groups I a1 
and the manne! 


connection with 


Fig. 2. This plate shows a representative bird of pen C group II, at 
T, testicle, s, spleen. 


This representative bird of pen C, group II, weighed the same as the represen- 
tative bird of pen B, group II (see fig. 1) at the point x on the growth curves 
see chart 2) and in every external character appeared to have attained the same 
development. The pictures were taken on the same day with the same focal 
distance. 


The birds of pen C received a normal ration of grain mash, scratch feed and 
green roughage up to the point x« on the growth curves (see oe ”), when they 
were given a synthetic diet of starch, casein, butterfat and salt 
Veast. 


mixture, but no 
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SUMMARY 


1. A slight loss occurred in the weight of the thyroid gland of birds 
fed a vitamin-poor diet. 

2. No actual gain occurred in the weight of the suprarenal gland 
but when computed as percentage of body weight a decided increase in 
the weight of the suprarenals was noticeable. 

3. Significant differences occurred between the weight of hearts, 
livers, spleens and kidneys of birds receiving the regular poultry ration 
or the vitamin-rich diet and the vitamin-poor diet. 

4. Significant differences were apparent between the length of the 
hearts and spleens of birds receiving the regular poultry ration or the 
vitamin-rich diet and the vitamin-poor diet. 

5. No significant difference occurred in the weights of the pancreas 
of birds receiving the regular poultry ration or the vitamin-rich diet 
and the vitamin-poor diet. 

6. A distinct failure of the testes to grow, as well as an ultimate 
atrophy of these organs, was evident in the birds receiving the vitamin- 
poor diet. 

7. The food intake of birds receiving the vitamin-rich diet increased 
while the food intake of the birds receiving the vitamin-poor diet 
gradually decreased. Whether or not the variation in the weight and 
size of organs and decrease in body weight was due to the decline of 
food intake or to the lack of a specific vitamin can only be ascertained 
by further experiment. 


CONCLUSIONS 


Single comb white leghorn cockerels, on a diet deficient in vitamin 
B and apparently adequate in all other particulars, showed a decrease 
in the size and weight of organs in the following order: testes, spleen, 
heart, liver, kidneys, pancreas and thyroid gland. 

A diet deficient in vitamin B and apparently adequate in all other 
particulars gave rise to an increased weight of suprarenals when com- 


puted per kilo body weight. 

The testes of single comb white leghorn cockerels were affected to a 
greater extent than the other organs by a diet low in vitamin B. These 
organs not only failed to develop but there was also an ultimate atrophy. 

The observations of Karr and Cowgill, that some relationship exists 
in animals between desire to partake of food and water soluble vitamin 
has been confirmed in my study on poultry. 
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In conclusion the writer wishes to express his indebtedness to D1 
Cornelia Kennedy for assistance and suggestions during the progress of 


1 
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of the author, for financial assistance and co6peration without which the 


work could not have been conducted. 
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